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LETTER 

FROM 

THE  SECRETAKY.OF  WAR, 

TRANSMITTINO, 

WITH  A  LETTEB  FROM  THE  CHIEF  OF  OBDKANCE,  A  COPY  OF 
A  BEPOBT  OF  THE  TESTS  OF  IRON  AND  STEEL  AND  OTHEB 
UATEBIAI^  FOB  INDUSTEIAL  PTTaPOSES  AT  THE  WATEBTOWN 
ARSENAL. 


War  Department, 
Washington^  January  ^8^  1903. 
Sir:  I  have  the  honor  to  transmit  herewith  a  letter  dated  January 
24  instant,  from  the  Chief  of  Ordnance,  U.  S.  Aimy,  together  with  a 
copy  of  the  report  of  the  commanding  oflScer  at  Watertown  Arsenal, 
of  "  tests  of  iron  and  steel  and  other  material  for  industrial  purposes," 
made  at  that  arsenal  during  the  fiscal  year  ended  June  30,  1902. 
Very  respectfully, 

Elihu  Root,  Secretary  of  War. 
The  Speaker  op  the  House  of  Representathtes. 


Office  of  the  Chief  of  Ordnance  U.  S.  Army, 

Washington^  January  ^^,  1903, 
Sir:  I  have  the  honor  to  submit,  for  transmission  to  Congress  as 
required  by  law,  a  copy  of  the  report  of  the  commanding  officer, 
Watertown  Arsenal,  of  "tests  of  iron  and  steel  and  other  material  for 
industrial  purposes,"  made  at  the  Arsenal  during  the  fiscal  year  ended 
June  30,  1902,  which  has  just  been  received  at  this  office. 
Respectfully, 

William  Crozier, 
Brigadier- General^  Chief  of  Ord/nanca 
The  Secretary  of  War. 
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4  tests  of  metals  and  other  materials,  1902. 

Wateetown  Arsenal, 

Watet^toum^  Mass. ,  Janivary  W^  1903. 

Sir:  I  have  the  honor  to  submit  herewith  the  annual  report  of  tests 
of  iron  and  steel  and  other  materials  made  at  this  arsenal  during  the 
fiscal  year  ending  June  30,  1902. 

The  total  number  of  specimens  tested  during  the  year  was  3,660, 
classified  as  follows: 

Gun  specimens 22 

For  Ordnance  Department 373 

For  other  Government  departments 24 

Investigative  testa 2, 539 

Tests  for  private  parties 692 

Total 3,650 

The  receipts  and  expenditures  were  as  follows: 

Amount  appropriated  for  testing  machine  and  testing  work $15, 000. 00 

Received  from  private  parties  during  the  year 550. 20 

Total  received 15,550.20 

Amount  expended  for  services  and  labor 12, 535. 04 

Amount  expended  for  light,  power,  tools,  implements,  and  materials  for 

test 8,001.30 

Deposited  to  credit  of  Treasurer,  United  States 13. 86 

Total  expended 15,550.20 

The  tests  for  the  Ordnance  Department  comprise  specimens  from 
the  diflFerent  caliber  guns  of  current  fabrication  and  the  material  for 
carriages  and  for  shot  and  shell.  Forged  steel,  steel  and  iron  castings, 
and  bronze  are  represented  in  this  group  of  material. 

There  were  tests  of  retraction  and  buffer  bracket  hooks,  also  proof 
stresses  applied  to  piston  rods  and  retraction  ropes. 

Hydrostatic  tests  were  made  upon  thin  sections  of  gun  hoops, 
showing  the  strength  of  metal  containing  so-called  streaks  and  cor- 
responaing  material  which  was  without  streaks. 

In  the  tests  of  rocker  and  track  blocks,  high  compressive  stresses 
were  applied  to  a  cylindrically  faced  block  of  large  radius  of  curvature, 
which  rested  upon  flat  blocks  of  different  kinds  of  metal.  The  con- 
ditions approached  those  present  in  the  cubic  compression  of  metals, 
and  stresses  of  great  intensity  were  endured  before  permanent  defor- 
mation occurred. 

Two  steel  ingots  were  procured  for  investigative  tests,  one  contain- 
ing 3i  per  cent  nickel,  the  other  none.  In  respect  to  other  elements 
they  were  of  similar  composition,  as  nearly  alike  as  practicable  to 
obtain.  A  number  of  illustrations  show  the  appearance  of  these  ingots 
when  cut  apart.  There  are  tensile  tests  on  the  metal  in  the  natural 
state  of  the  ingot,  also  after  heating.  Quenching,  and  annealing,  from 
which  may  be  seen  the  wide  range  in  phj'sical  properties  a  given  metal 
may  display.  Under  the  influence  or  repeated  aUiernate  stresses  sim- 
ilar results  appear,  showing  that  the  enaurance  of  the  metal  mdi,y  be 
augmented  by  the  same  means  which  increase  the  tensile  strength. 

Endurance  tests  on  different  grades  of  steel  have  shown  that  alter- 
nate tensile  and  compressive  fiber  stresses  as  high  as  50,000  pounds 
per  square  inch  may,  for  a  considerable  time,  be  sustained  by  some  bars. 


TESTS   OF   METALS   AND   OTHER  MATERIALS,  1902.  5 

Testa  were  made  on  suspender  rods  from  the  New  York  and  Brook- 
lyn Bridge.  The  characteristics  of  those  rods,  which  have  been  in 
service  since  the  construction  of  the  bridge,  are  fully  shown. 

The  investigative  tests  of  cements  have  continued.  A  number  of 
tests  have  been  made  on  cements  exposed  to  low  temperatures  while 
setting.  The  severity  of  the  conditions  attending  these  experiments 
were  ameliorated  over  the  early  tests  on  this  subject.  Initial  periods 
of  setting  at  ordinary  atmospheric  temperatures  preceded  the  interval 
in  cold  storage  at  zero  F.  The  results  indicate  that  low  temperature 
has  a  retarding  influence  of  greater  or  less  degree  on  the  acquisition 
of  strength,  notwithstanding  the  chemical  reactions  may  have  been 
initiated  and  a  partial  state  of  induration  acquired  under  normal  con- 
ditions of  setting. 

There  were  absorption  determinations  and  tests  on  the  elastic 
properties  of  dry-pressed  and  mud  brick  taken  from  several  parts  of 
the  Kiln,  showing  the  influence  of  exposure  to  different  temperatures 
of  burning,  according  to  their  position  in  the  kiln. 

Transverse  teats  on  Douglas  fir  and  oak  wood  appear  in  the  report; 
also  the  adhesive  resistance  of  lag  screws  and  bolts  in  those  woods  is 
shown.  Observations  on  heat  conductivity  were  carried  on  with  sticks 
of  Douglas  fir  exposed  over  wood  fires,  and  final  tests  for  strength 
made  on  the  uncharred  parts. 

Chemical  analyses  were  made  on  the  tested  material. 

Tests  for  private  parties,  as  provided  for  by  law,  have  continued  as 
in  former  years.  A  list  of  the  parties  for  whom  tests  have  been  made 
is  appended  to  the  report. 

Very  respectfully,  your  obedient  servant, 

John  G.  Butler, 
Lieut  Col.^  Ordncmce  Department^ 

U.  S,  Arviy^  Commaruling, 

The  Chiep  op  Ordnance  U.  S.  Army, 

Washington^  D,  C. 
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76-MniTiTMKTEB  MOUNTAIN   GUNS. 
Body. 
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No.  7473. 

Marks,BM 

Diameter,  ".506. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


square 
inch. 

Elonntion 
per  Inch. 

SnccessiTe 
elongation 
perinch. 

Permanent 
set 

Succesriye 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
35,000 
40,000 
42,000 
47,000 
48,000 
49,000 
60,000 
51,000 
62,000 
58,000 
54,000 
97,100 

Inch. 

0. 

.00010 
.00065 
.00070 
.00105 
.00125 
.00145 
.00150 
.00185 
.00190 
.00200 
.00250 
.00810 
.00390 
.00460 
.00570 

Inch. 
0. 

.00010 
.00025 
.00035 
.00085 
.00020 
.00020 
.00005 

.00005 
.00010 
.00050 
.00060 
.00080 
.00070 
.00110 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  stren^h. 

0. 

0. 

0. 

0. 



1 

General  mmmary. 

Tensile  strength  per  square  inch  of  original  section pounds..  97,100 

Elastic  limit  per  square  inch  of  original  section do...  49,000 

Elongation  per  inch  after  rupture inch..      .285 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00200 

Reduction  in  diameter  at  point  of  rupture do. . .      .135 

Reduction  in  area  after  rupture,  per  cent  of  original  section 46.2 

Position  of  rupture l'M8  from  neck 

Character  of  broken  surface sUky 

Elongation  of  inch  sections ".19,  ".28* 
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75-MILLlMETEB  MOUNTAIN   GUNS. 


Breechblock. 


No.  7468. 
Marks,  52 
Diameter,  ".505. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


Applied 

loaas  per 

ttquare 

inch. 

Elongation 
per  inch. 

SuccesBivc 
elongation 
perineh. 

Permanent 
set. 

Inch. 
0. 

Successive 

permanent 

set. 

RemarkH. 

Prmndt. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
46,000 
50,000 
65,000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
103,900 

Inch. 

0. 
.00015 
.00035 
.00070 
.00105 
.00145 
.00160 
.00175 
.00195 
.00200 
.00205 
.00240 
.00275 
.00350 
.00600 
.00600 
.00720 

Inch.  - 

0. 
.00015 
.00020 
.00035 

.oooa5 

.00040 
.00015 
.00015 
.00020 
.00005 
.00005 
.00035 
.00035 

.00150 
.00100 
.00120 

Inch. 
0. 

Initial  load. 
Elastic  limit. 

0. 
0. 

0. 

0. 

Qeneral  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  108,900 

Elastic  limit  per  square  inch  of  original  section do...    68,000 

Elongation  per  inch  after  rupture Inch..       .226 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00205 

Reduction  iu  diameter  at  point  of  rupture do. . .       .165 

Reduction  in  area  after  rupture,  per  cent  of  original  section 61. 9 

Position  of  rupture ".70  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".33*,  ".12 


75-MILLIMETER   MOUNTAIN   GUNS. 

Block  Carrier. 
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No.  7469. 
Marks  ^^ 
Diameter,  ".506. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


square 
inch. 

Elongation 
per  Inch. 

Successive 
elonjration 
per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

PcmndB. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
46,000 
60,000 
54,000 
55,000 
56,000 
57,000 
58,000 
50,000 
60,000 
61,000 
95,500 

Inch, 

0. 
.00015 
.00085 
.00070 
.00105 
.00140 
.00155 
.00170 
.00190 
.00195 
.00450 
.00600 
.00670 
.00770 
.00875 
.00050 

Inch. 

0. 
.00015 
.00020 
.00035 
.00035 
.00085 
.00015 
.00016 
.00020 
.00005 
.00256 
.00150 
.00070 
.00100 
.00105 
.00075 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

IniUal  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

. 

1 

Oenercd  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  95,500 

Elastic  limil  per  square  inch  of  original  section do...  55,000 

Elongation  per  inch  after  rupture inch..      .255 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00195 

Red uction  in  diameter  at  point  of  rupture do. . .     .165 

Reduction  in  area  after  rupture,  per  cent  of  original  section 54.6 

Position  of  rupture 1".  10  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".33*,  ".18 


TABULATION  OF  TENSION  SPECIMENS  FOR  76-MILLIMETER  R, 

MOUNTAIN  GUNS. 

STEMS  8^  LONG,  ".605  DIAMETER. 


R 


No.  of 
test. 

Position  in 
gun. 

Loca- 
tion of 
speci- 
mens. 

Elastic 

limit 

per 

square 
inch. 

Tensile 
strength 

per 
SQuare 
inch. 

Elonga- 
tion. 

Con- 
trac- 
tion of 
area. 

Appearance  of 

Remarks. 

7478 
7468 
7409 

Body 

Breechblock  . 

Middle 

Pottnds. 
49,000 
58.000 
55,000 

PoumU. 
97,100 
103,900 
95,600 

Peret. 
28.5 
22.5 
25.5 

Perd. 
46.2 
51.9 
54.6 

Silky 

Breech  end. 

ao 

do 

Block  carrier. 

6-INCH  R.  F.  GUNS. 


SPECIMENS  FROM  TUBES,  JACKETS,  HOOPS, 
AND  BREECHBLOCK. 


H.  Doc.  336 2  17 


6-INCH   B.  F.  GUNS, 

Tube. 
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No.  7448. 


6RFccT 
MT«M 


Marks, 

Diameter,  ''.506. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


loaos  per 
square 
inch. 

Elonsation 
per  mch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarlcs. 

Poundt. 
1,000 
6,000 
10,000 

Inch, 
0. 

.00010 
.00036 

Inch. 
0. 

.00010 
.00026 
.00026 
.00040 
.00015 
.00015 
.00010 
.00020 

.00026 
.00086 
.00095 
.00105 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

InitUl  load. 

ElasUc  limit 
Tensile  strength. 

20,000    '        .00060 
SO, 000            .00100 
&5,000            .00115 
40,000            .00130 

0. 

0. 

42,000 
50,000 
61,000 
62,000 
68,000 
64,000 
66,000 
96,000 

.00140 
.00160 
.00190 
.00215 
.00250 
.00345 
.00450 

0. 

0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  98,000 

Elastic  limit  per  square  inch  of  original  section do. ..  50,000 

Elongation  per  inch  after  rupture inch..      .205 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00160 

Reductionin  diameter  at  point  of  rupture do...      .115 

Reduction  in  area  after  rupture,  per  cent  of  original  section 40.3 

Position  of  rupture * ^'.65  from  neck 

Character  of  broken  surface granular  60  percent,  silky  40  per  cent 

Elongation  of  inch  sections ^.29*. ''.U 
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6-INCH   R.   F.   GUNB. 

Tube. 


No.  7449. 

Marks,  'uVy 

Diameter,  ".606. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

Successiye 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
42,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
66,000 
93,250 

Inch. 
0. 

.00010 
.00035 
.00070 
.00105 
.00120 
.00135 
.00140 
.00170 
.00175 
.00200 
.00225 
.00315 
.00475 

Inch. 
0. 

.00010 
.00025 
.00035 
.00035 
.00015 
.00015 
.00005 
.(NMKft) 
.00005 
.00021) 
.00025 
.00090 
.00160 
.00145 

Inch. 
0. 
0. 

Inch. 

0. 

0. 

Initial  load. 

ElasUc  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 



General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  93, 250 

Elastic  limit  per  square  inch  of  original  section do. ..  51, 000 

Elongation  per  incn  after  rupture inch . .      .  146 

Elongation  per  inch  under  strain  at  elastic  limil do. . .  .  00175 

Reduction  in  diameter  at  point  of  rupture do. . .      .055 

Reduction  in  area  after  rupture,  per  cent  of  original  section 20. 5 

Position  of  rupture 1".08  from  neck 

Character  of  broken  surface « granular,  a  belt  of  flaky  metal  across  surface 

Elongation  of  Inch  sections M4,  'M6* 


6-ikoh  r.  f.  guns. 
Jacket. 

No.  7444. 

Marks,  SiVS^ 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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loads  per 
square 
inch. 

Elongation 
per  inch. 

Successiye 
elongation 
per  inch. 

!><.«»«•»»»«  Successive 

Permanent  permanent 

***•               set. 

Remarks. 

1,000 
5,000 
10,000 
20,000 
90,000 
40,000 
46,000 
62.000 
53,000 
.M,000 
65,000 
56,000 
67,000 
58,000 
99,680 

Inch. 
0. 

.000067 
.000267 
.000600 
.000983 
.001267 
.001483 
.001683 
.001700 
.002000 
.002333 
.008300 
.004000 
.005000 

Inch, 
0. 
.000067 

.000200 
.000838 
.000383 
.000834 
.000166 
.000200 
.000067 
.000300 
.000888 
.000967 
.000700 
.001000 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

IniUal  load. 

Elastic  limit. 
Tensile  strength. 

1 

0.                    0. 
0.                    0. 

....:.; 1 

:::::::::::!:::.:;::: 

i 

1 

General  mmmary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    99, 680 

Elastic  limit  per  square  inch  of  original  section do . . .    58, 000 

Elongation  per  incn  after  rupture inch..         .20 

Elongation  per  inch  under  strain  at  elastic  limi  t do ...  .  001700 

Reduction  i n  diameter  at  point  of  rupture do . . .       .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44. 6 

Position  of  rupture 1".4  from  neck 

C'haracter  of  broken  surface .• sil k y 

Elongation  of  Inch  sections ".19,  ".31*, 'MO 
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6-INCH   R.   F.  GUNS. 

Jacket. 


No.  7445 


Marks,  lA^S' 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

Successive 
elongation 
per  Inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
46,000 
61,000 
62,000 
53,000 
64,000 
55,000 
56,000 
91,920 

Inch. 
0. 

.000100 
.000800 
.000633 
.000967 
.001300 
.001500 
.001667 
.003300 
.004600 
.005883 
.006333 
.007667 

Inch. 
0. 

.000100 
.000200 
.000833 
.000834 
.000833 
.000200 
.000167 
.001633 
.001300 
.001283 
.000500 
.001834 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

InHial  load. 
Elastic  limit. 

0. 
0. 

0. 
0. 

1 

Tensile  strength. 

Getieral  summary. 

Tensile  strength  per  square  inch  of  original  section pounds . .    91, 920 

Elastic  limit  per  square  inch  of  original  section do. . .    51, 000 

Elongation  per  incn  after  rupture inch . .         .24 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001667 

Reduction  in  diameter  at  point  of  rupture do. . .       .174 

Reduction  in  area  after  rupture,  per  cent  of  original  section 52. 2 

Position  of  rupture 1^.41  from  neck 

Character  of  broken  surface silky 

ElongaUon  of  inch  secUons ".14,  ".38*,  ".20 


6-INOH    R.   F.   GUNS. 

Jacket. 

No.  7401. 
Marks,  figs* 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Grauged  length,  3." 
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loads  per 
square 
inch. 

Elongation 
per  inch. 

SaccesBiye 

elongation 

per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Ptmndt. 
1,000 
5.000 
10,000 
20,000 
80,000 
40,000 
46,000 
60,000 
56,000 
67,000 
58,000 
59,000 
60,000 
61,000 
62.000 
63,000 
64,000 
97,120 

Inch,  ' 
0. 

.000188 
.000683 
.00070C 
.001067 
.001400 
.001688 
.001738 
.001983 
.002000 
.002083 
.002100 
.006688 
.007167 
.006400 
.009033 
.010267 

Inch, 
0. 

.000138 
.OOO'.oW 
.000867 
.000867 
.000883 
.000238 
.000100 
.000200 
.000067 
.U00083 
.000067 
.004583 
.000584 
.001283 
.000633 
.001284 

JrtcA. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

Oeneral  gummary. 

Tensile  strength  per  square  inch  of  original  section pounds..    97,120 

Elastic  limit  per  square  inch  of  original  section do. . .    59, 000 

Elongation  per  inch  after  rupture inch..        .21 

Elongation  per  inch  under  strain  at  elastic  limit do...  .002100 

Reduction  in  diameter  at  point  of  rupture do...       .174 

Reduction  in  area  after  rupture,  per  cent  of  original  section 52.2 

Position  of  rupture ".95  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  aecUons ".87*,  ".14,  ",12 
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6-INCH   R.  F.  GUNS. 


Hoop. 

No.  7450. 
Marks,  IW 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


loads  per 
square 
inch. 

Elongation 
per  Inch. 

Successive 
clonffation 
per  inch. 

Permanent 
set 

Successive 

permanent 

set. 

Remarks. 

I\nmdt. 

1,000 

6.000 

10.000 

20,000 

Inch. 
0. 

.000133 
.000300 
.000667 

Inch.l 
0. 

.000133 
.000167 
.000867 
.U0U833 
.000867 
.000133 
.000283 
.000300 
.000084 
.002933 
.000833 
.000834 
.000600 
.001066 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

• 

Elastic  limit. 
Tensile  strength. 

90,000    1      .001000 
40,000     '        OOlSfi? 

46,000 
60,000 
58,010 
59.000 
60,000 
61,000 
62,000 
63.000 
64.000 
106.800 

.001600 
.001733 
.002033 
.002067 
.006000 
.006833 
.006667 
.007267 
.008333 

0. 
0. 

0. 
0. 

General  summari/. 

Tensile  strength  per  square  inch  of  original  section pounds. .  108, 800 

Elastic  limit  per  square  inch  of  original  section do. . .    69, 000 

Elongation  per  inch  after  rupture inch . .         .19 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002067 

Reduction  in  diameter  at  point  of  rupture do. . .        .144 

Red uction  in  area  after  rupture,  per  cent  of  original  section 44. 6 

Position  of  rupture I'M  from  neck 

Character  of  hroken  surface silky,  cup  shaped 

Elongation  of  inch  sections Ml, '^.a0".26* 


6-INCH   B.   F.   GUNS. 

Bbeeghblogk. 
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No.  7447. 

1k>r«*V«    22849  B, 

Marks,  t,  m 

Diameter,  ".606. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loans  per 

square 

inch. 

Elongation 
per  Inch. 

Successive 
elongation 
perlnch. 

1 

T>«««-«««*,  Successive 

P®"2i         permanent 

^^-              set 

Remarks 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80.000 
40,000 
46,000 
60,000 
51,000 
62,000 
63,000 
64,000 
66,000 
66,000 
97,000 

Inch. 
0. 

.00010 
.00035 
.00065 
.00100 
.00135 
.00155 
.00175 
.00188 
.00960 
.01015 
.01070 
.01160 
.01250 

Inch. 
0. 

.00010 
.00025 
.00030 
.00036 
.00085 
.00020 
.00020 
.00010 
.00766 
.00065 
.00055 
.00080 
.ooino 

Inch.             Inch. 
0.             I      0. 
0.             1     0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

i 1 1 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  97,000 

Elastic  limit  per  square  inch  of  original  section do. . .  61 ,  000 

Elongation  per  inch  after  rupture inch . .       .28 

Elongation  per  inch  under  strain  at  elastic  limit do. ...  00185 

Ki>duction  in  diameter  at  point  of  rupture do. . .      .125 

Reduction  in  area  after  rupture,  per  cent  of  original  section 43. 3 

Poidtion  of  rupture ".8  from  neck 

Character  of  broken  surface silky 

Elongation  of  Inch  sections ".32*,  ".14 

TABULATION  OF  TENSION  SPECIMENS  FROM  e-INCH  R.  F.  GUNS. 

STEMS  OF  SPECIMENS  FROM  TUBES  AND  BREECHBLOCK  Of  LONG,  ".506  DIAMETER;  FROM 
JACKETS  AND  HOOF  3"  LONG,  ".664  DIAMETER. 


No. 

of 

test 


74^18 
7449 


7444 

7445 
7461 
7450 
7447 


Position 
in  gun. 

Ix)cation 
of  speci- 
mens. 

Elastic 
limit 
per 
square 
inch. 

Pounds. 
60,000 

51,000 

58,000 
51,000 
59,000 
59,000 
51,000 

Tensile 

strength 

per 

square 

inch. 

Elon- 
tfon. 

Con- 
trac- 
tion of 
area. 

Tube  ... 
....do... 

Jacket.. 
.  do... 

Middle  . 
....do... 

Outside. 
do 

Pounds. 
98,000 

93,260 

99,680 
91,920 
97,120 
108,800 
97,000 

Perct. 
20.5 

14.5 

20.0 
24.0 
21.0 
19.0 
23.0 

Prrd. 
40.3 

20.5 

44.6 
52.2 
52.2 
44.6 
43.3 

....do... 
Hoop... 
Breech- 
block. 

Middle . 
....do... 
Middle . 

Appearance  of 
fracture. 


Granular,  60  percent; 

silky,  40  per  cent. 
Granular,  a  belt  of 

flaky  metal  acrom 

surface. 

^lliJo:;::::::::::::: 

....do 

Silky,  cup  shaped . . . 
Silky....  .....V..... 


Remarks. 


Muzzle  end. 
Do. 


Do. 

Do. 

Breech  end. 

Do. 


10-INCH  STEEL  B.  L.  RIFLES. 


SPECIMENS  FROM  TUBES,  JACKETS,  HOOPS,  AND 
BREECHBLOCKS. 


10-INCH    STEEL    B.   L.   RIFLES. 
fUBE. 

No.  7470. 
Marks,  Sf  5 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 
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Applied 

loads  per 

square 

Ynch. 

Elonsation 
per  inch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Potmdff. 
1,000 
6.000 
10,000 
20,000 
30,000 
36,000 
40,000 
46,000 
46,000 
47,000 
48,000 
49,000 
60,000 
61,000 
62,000 
68,000 
90,320 

/nc/4. 
0. 

.000183 
.000833 
.000667 
.001000 
.001133 
.001333 
.001467 
.001633 
.001600 
.002100 
.008167 
.006000 
.006333 
.007167 
.007883 

IncJu 
0. 

.000133 
.000200 
.000834 
.000333 
.000133 
.000200 
.000134 
.000066 
.0UU067 
.000600 
.001067 
.002833 
.0008:« 
.000834 
.000666 

Itich. 
0. 

0.- 

Inch. 
0. 
0. 

Initial  load. 

FAwtic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

General  summary, 

Tenidle  strength  per  square  inch  of  original  section pounds. .    90, 320 

Elastic  limit  per  square  inch  of  original  section do. . .    47, 000 

Elongation  per  inch  after  rupture inch . .       .193 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001600 

Reduction  in  diameter  at  point  of  rupture do. . .       .104 

Reduction  In  area  after  rupture,  per  cent  of  original  section 33. 5 

Position  of  rupture " .  90  from  neck 

Character  of  broken  surface granular  80  per  cent,  flaky  20  per  cent 

Elongation  of  inch  sections ".14,  ".17, ''.27* 


0  10-INCH   STEEL    B.   L.   B1FLE8. 

Jacket. 
No.  7446. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3." 


Applied 

loaos  per 

flquarc 

inch. 

per  inch. 

Successive 
elongation 
perlnch. 

Permanent 
set. 

Successive 

pennanent 

set. 

RemarkK. 

Pounds. 
1,000 
6,000 
10,000 
20.000 
30,000 
35,000 
40.000 
42,000 
44,000 
45,000 
46,000 
47,000 
48.000 
19,000 
86,800 

Inch. 
0. 
.000100 
.000300 
.000633 
.000967 
.001133 
.001300 
.001367 
.001500 
.003600 
.006000 
.006367 
.007467 
.008233 

Inch. 
0. 
.000100 
.000200 
.000333 
.000334 
.000166 
.000167 
.000067 
.000133 
.002000 
.002500 
.000367 
.001100 
.000766 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

General  summary. 

Tensile  strength  per  square  Inch  of  original  section pounds. .    86, 800 

Elastic  limit  per  square  inch  of  original  section do. . .    44, 000 

Elongation  per  incn  after  rupture inch. .         . 23 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001600 

Reduction  in  diameter  at  point  of  rupture do. . .       .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44. 6 

Position  of  rupture ".9  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ''.37*,  ''.21,  ".11 


10-INCH   STEEL   B.  L.  BIFLE8. 

Jacket. 

No.  7467. 
Marks,  S^5 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 
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square 
inch. 

Elonsation 
perlnch. 

Succeaslve 
elongation 
perlnch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

I\mnd9. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40.000 
42,000 
50.000 
57,000 
56,000 
59.000 
60,000 
61,000 
62,000 
92,320 

Inch. 
0. 

.000133 
.000833 
.000667 
.001033 
.001200 
.001400 
.C01467 
,001767 
.002083 
.002267 
.000267 
.010000 
.010938 
.011667 

Inch. 
0. 

.000133 
000200 
.000384 
.000866 
.000167 
.000200 
.000067 
.000300 
.000266 
.000234 
.007000 
.000733 
.000933 
.000784 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

ElasUc  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 



General  nummary. 

Tensile  strength  per  square  inch  of  original  section pounds..    92,320 

Elastic  limit  per  square  inch  of  original  section do . . .    57, 000 

Elongation  per  incn after  rupture Inch..         .22 

Elongation  per  inch  under  strain  at  clastic  limit do...  .002033 

Reduction  in  diameter  at  point  of  rupture do...       .164 

Reduction  in  area  after  rupture,  per  cent  of  original  section 49. 7 

Position  of  rupture at  the  middle  of  the  stem 

Character  of  broken  surface silky 

Elongation  of  Inch  sections M4,''.39»,M3 
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10-INCH   STEEL   B.  L.  RIFLES. 

Hoop. 
No.  7465. 


Marks,  y^^lS* 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applieti 

loadiipcr 

square 

inch. 

Elongation 
per  inch. 

SucccHHive 

clouffHtion 

per  inch. 

Permanent 
set. 

Succeffdve 

permanent 

set. 

RemarkB. 

Poundit. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
46,000 
60.000 
60,000 
61,000 
62.000 
63,000 
61,000 
(Vi.OOO 
101,680 

Iwh. 
0. 

.000183 
.000333 
.  000(^7 
.001033 
.001367 
.001.V>7 
.001700 

.oaiioo 

.002233 
.Ott-WX) 
.006067 
.007Wi7 

.oo7saj 

Inch. 
0. 
.000133 
.000200 

.ooas34 

.000366 
.0003:14 
.000200 
.000133 
.000400 
.0001&3 
.002767 
.001067 
.OOKKX) 
.000766 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

General  immmary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  101 ,  680 

Elastic  limit  per  square  inch  of  original  section do. . .    60, 000 

Elongation  per  incn  after  rupture inch. .         .  20 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002100 

Reduction  in  diameter  at  point  of  rupture do. . .        .144 

Reduction  in  area  after  rupture,  |»er  cent  of  original  section 44. 6 

Position  of  rupture ".96  from  neck 

Character  of  broken  surface silky  60  per  cent,  granular  40  per  cent 

Elongation  of  inch  sections ".U,  ".17,  ".32* 


10-INCH   STEEL    B.   L.   RIFLES. 

Breecheiblock. 

No.  7464. 
Marks,  'Ifn^ 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3." 
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Applied 

loads  per 

square 

mch. 

Elongation 
per  Inch. 

Successive 
elongation 
per  Inch. 

Permanent 
set. 

SucceasiTe 

Permanent 

set, 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
90,000 
40.000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53.000 
97,640 

Inch. 
0. 
.000100 
.000800 
.000667 
.001000 
.001867 
.001600 
.001667 
.001783 
.002000 
.003267 
.001067 
.004600 
.005188 

Inch. 
0. 

.000100 
.000200 
.000867 
.000883 
.000867 
.000283 
.000067 
.000066 
.000267 
.001267 
.000800 
.000683 
.000683 

Inch. 
0. 

o: 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit 
Tensile  strength. 

0. 
.000033 

0. 
.000083 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..    97,640 

Elastic  limit  per  square  inch  of  original  section do...    48,000 

Elongation  per  incli  after  rupture inch..       .187 

Elongation  per  inch  imder  strain  at  elastic  limit do...  .001733 

Reduction  in  diameter  at  point  of  rupture do...       .104 

Reduction  in  area  after  rupture,  per  cent  of  original  section 33. 5 

Position  of  rupture 1^.4  from  neck 

Character  of  broken  surface silky  40  per  cent,  fine  granular  60  per  cent;  opened  cracks  in  stem 

in  vicinity  of  place  of  fracture. 
Elongation  of  Inch  sections ".18,  ".25*,  ".13 


TABULATION  OF  TENSION  SPECIMENS  FROM  10-INCH  STEEL  B.   L. 

RIFLES. 

STEMS  3"  LONG,  ^564  DIAMETER. 


No.  of 
test. 

Position  in 
gun. 

Loca- 
tion of 
speci- 
mens. 

Elastic 
limit 
per 

square 
inch. 

Tensile 
strength 

per 
square 
inch. 

Elon- 
gation. 

CJon- 

trac- 

tionof 

area. 

Appearance  of 
fracture. 

Remarks. 

7470 

7446 
7467 
7465 

7464 

Tube 

Jacket 

Middle 
...do... 

Pounds. 
47,000 

44,000 
67,000 
60,000 

48.000 

Pounds. 
90,820 

86,800 
92,320 
101,680 

97,640 

Perd. 
19.3 

28.0 
22.0 
20.0 

18.7 

Perd. 
83.5 

44.6 
49.7 
44.6 

88.6 

Granular,  80  per 
cent;   flaky,   20 
per  cent. 

SlIkY 

Mu2Kle  end. 

Breech  end. 
Muzzle  end. 
Breech  end. 

do 

...do... 

do 

Silky,  60  per  cent; 

granular,  40  per 

cent. 
Silky.  40  per  cent; 

fine  granular.  60 

percent. 

Hoop 

...do... 

Breechblock. 

...do... 

H.  Doc.  336 3 


12-INCH  STEEL  B.  L.  RIFLES. 


SPECIMENS  FROM  TUBES,  JACKETS,  HOOPS,  AND 
BREECHBLOCKS. 
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Marks,  g^"^ 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


12-INOH   STEEL   B.  L.  BIFLES. 

Tube. 
No.  7454. 


87 


muare 
Tnch. 

Elonnlloii 
perlnch. 

Snoceuiye 

eloDiration 

perlnch. 

Permanent 
set. 

SaccesBlTe 
permanent 

set. 

Bema^a. 

Pounds. 

10,000 
20,000 
30,000 
36,000 
40,000 
47,000 
48,000 
49,000 
60,000 
61.000 
62,000 
68,000 
54,000 
65.000 
66,000 
89,160 

Inch. 
0. 
.000100 
.000900 

.000688 
.000967 
.001183 
.001867 
.001667 
.001788 
.001767 
.001867 
.002000 
.002400 
.002733 
.008600 
.004883 
.006167 

Inch. 
0. 
.000100 
.000200 
.000888 
.000884 
.000166 
.000284 
.000800 
.000066 
.000084 
.000100 
.000188 
.000400 
.000638 
.000667 
.000788 
.000634 

0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
TenaUe  Btrenrth. 

0. 
.000088 

0. 
.000088 

General  tummary, 

Tefidle  Btrencrth  per  Bqnare  inch  of  oriffinal  aection ponnda..    89,160 

Elastic  limit  per  square  inch  of  original  section do...    49,000 

Elongation  per  inch  after  rupture inch..       .177 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001767 

Reduction  in  diameter  at  point  of  rupture do...       .164 

Reductioninareaafterrupture,  per  cent  of  original  section 49.7 

Position  of  rupture —  ''.75  from  neck 

Character  of  Sroken  surface silky 

Elongation  of  inch  sections ^06,M1,'<'.86* 
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12-INCH   STEEL    B.   L.   RIFLES. 


Tube. 


No.  7463. 
Marks,  ^.?l 
Diameter,  ".564. 
Sectional  area.  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

sqaare 

inch. 

Elongation 
per  Inch. 

Succenive 
elongation 
per  Inch. 

Permanent 
set. 

Successive 
set 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
45,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
87,200 

Inch. 
0. 
.000100 
.000800 
.000633 
.001000 
.001167 
.001367 
.001567 
.001667 
.006833 
.007600 
.008333 
.009000 
.010000 
.010738 

Inch. 
0. 

.000100 
.000200 
.000333 
.000367 
.000167 
.000200 
.000200 
.000100 
.005166 
.000767 
.000733 
.000667 
.001000 
.000733 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 
0. 

0. 
0. 

General  teummary. 

Tensile  strength  per  square  inch  of  original  section pounds . .    87, 200 

Elastic  limit  per  square  inch  of  original  section do 47,000 

Elongation  per  incn  after  rupture inch..       .238 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001667 

Reduction  in  diameter  at  point  of  rupture do...       .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44. 6 

Position  of  rupture 1".25  from  neck 

Character  of  broken  surface silky 

ElongaUon  of  inch  sections ".26, ''.29»,  ".15 


12-INCH   STEEL    B.   L.  BIFLE8. 

Jacket. 

No.  7461. 

Marks,  S?ro 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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raoare 
inch. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
85,000 
40.000 
42,000 
60,000 
61,000 
62,000 
68,000 
64,000 
66,000 
66,000 
98,600 

Elongation 
per  inch. 

Succesfdve 
elongation 
per  inch. 

Permanent 
Bet. 

Sncce«lve 
set 

Remarks. 

Inch. 
0. 

.000067 
.000267 
.000600 
.000933 
,001100 
.001267 
.001388 
.001667 
.001788 
.001867 
.001967 
.002167 
.002800 
.004667 

Inch. 
0. 

.000067 
.000200 
.000333 
.000383 
.000167 
.000167 
.000066 
.0U0384 
.000066 
.000134 
.000100 
.000200 
.000633 
.001867 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

OenefxU  summary. 

Tensile  strength  per  square  inch  of  original  section ponndB..    93,600 

Elastic  limit  per  square  inch  of  original  section do...    51,000 

Elongation  per  inch  after  rupture inch..        .17 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001733 

Reduction  in  diameter  at  point  of  rupture do...       .144 

Reduction  in  area  after  rupture,  per  cent  of  original  section 44.6 

Position  of  ruptnre *.70  from  neck 

Character  of  broken  surface silky,  trace  of  granulation 

ElongaUon  of  inch  sections. « ".09,  ".U,  ".81* 
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12-INCH   STEEL   B.  L.  RIFLES. 

Jacket. 


No.  7460. 

Marks,  at  a 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaoiiper 

square 

inch. 

Elongation 
per  inch. 

Inch. 
0. 
.000133 
.000300 
.000667 
.001000 
.001167 
.001367 
.001433 
.001683 
.001700 
.00173:< 
.009333 
.009900 
.010667 
.011367 
.012333 
.012967 

Succcnive 
elongation 
per  inch. 

Permanent 
fiet. 

Inch. 
0. 
0. 

Succeffiive 

permanent 

set. 

Remarks. 

Poundt. 
1,000 
6,000 
10,000 
20,000 
30,000 
35,000 
40,000 
42,000 
46,000 
60,000 
61,000 
62,000 
53,000 
64,000 
65,000 
66.000 
67,000 
91,920 

Inch. 
0. 

.000133 
.000167 
.000367 
.000333 
.000167 
.000200 
.000066 
.000100 
.000167 
.000033 
.00^600 
.000567 
.000767 
.000^00 
.000966 
.000634 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
TenRile  strength. 

0. 

0. 

0. 

0. 

General  summary. 

Tenfiile  strength  per  square  inch  of  original  section pounds . .    91, 920 

Elajttic  limit  per  square  inch  of  original  section do. . .    51, 000 

Elongation  per  incn  after  rupture inch . .        .287 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001733 

Reduction  in  diameter  at  point  of  rupture do. . .       .154 

Keiluction  in  area  after  rupture,  per  cent  of  original  section 47. 2 

Position  of  rupture 1".  40  from  neck 

Character  of  broken  surface silky 

ElongaUon  of  inch  secUons ".14,  ".35»,  ".22 


12-INCH    STEEL    B.   L.    R1FLK8. 

Jacket. 

No.  7466. 

Marks,  S^& 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  .3". 
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Applied 

loaoflper 

square 

inch. 

Floniratlnn    SUCCeaBive 

pe?Sch.    «^?Scr 

Permanent 
set 

Succeaiiive 

permanent 

set. 

Inch. 
0. 
0. 

Remarlu. 

Pounds. 
1.000 
5.000 
10,000 
20,000 
30,000 
35.000 
40.000 
42,000 
43.000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 
50,000 
91,160 

Inch.            Inch. 
0.              i    0. 
.000133    !      .000133 
.000333    1      .000200 
.000667           .000334 
.001000          .000333 
.001133    ,      .000133 
.001333    1      .000200 
.001367    ;      .000084 
.001433           .000066 
.001500    :      .000067 
.001667    ,      .000067 
.002333    '      .000766 
.0M167    1      .001834 
.005100    1      .000933 
.005667    ;      .000667 

.006767    1      .001100 

1 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

0. 

0. 

1 

General  summary. 

Tensile  strength  per  square  Inch  of  original  Rection pounds. .    91 ,  160 

Elastic  Uml t  per  square  inch  of  original  section do. . .    45. 000 

Elongation  per  Inen  after  rupture inch. .       .  167 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00154)7 

Reduction  in  diameter  at  point  of  rupture do. . .       .094 

Reduction  in  area  after  rupture,  per  cent  of  original  section 30. 6 

Position  of  rupture 1''.2  from  neck 

Character  of  broken  surface granular,  silky  spot  at  the  circumference 

Elongation  of  inch  sections M7,  ".23*,  ".10 
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12-INCH   STEEL   B.  L.  RIFLES. 

Hoop. 


Marks,  ^Sf 


No.  7462. 


Diameter,  ''.564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaas  per 

nquare 

inch. 

Elongation 
per  inch. 

Succcflsive 
elongation 
perlnch. 

Inch. 
0. 
.000100 
.000200 
.000367 
.000366 
.000334 
.000166 
.000167 
.000333 
.000067 
.000067 
.000333 
.002833 
.001934 
.000566 
.001167 

Permanent 

Het. 

Saccessive 

permanent 

set. 

Remarks. 

1,000 
5,000 
10,000 
20.000 
30,000 
40,000 
45,000 
50,000 
60,000 
62  000 
63,000 
64,000 

Inch. 
0. 
.000100 
.000300 
.000667 
.001033 
.001367 
.001533 
.001700 
.002033 
.002100 
.002167 
.002500 
.OtfiSSS 
.007267 
.00-/833 
.009000 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 



0. 
0. 

0. 
0. 

65,000 
66,000 

67,000 
68,000 

102,800 

General  nummary. 

Tensile  strength  per  square  Inch  of  original  section pounds..  102,800 

Elastic  limit  per  square  inch  of  original  section do. . .    63, 000 

Elongation  per  Incn  after  rupture inch. .        .  197 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  002167 

KiHliiction  in  diameter  at  point  of  rupture do. . .        .164 

Reduction  in  area  after  rupture,  per  cent  of  original  section 49. 7 

Vrwition  of  rupture , 1".22  from  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections 'Ml,  ".23,  ".25* 


12-INCH   STEEL    B.   L.  BltLES. 

Breechblock. 
No.  7453. 
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Marks,  lf?:& 

Diameter,  ".5(>4. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


AppUed 

loads  per 

square 

inch. 

per  Inch. 

Successive 
elongation 
perlnch. 

Inch. 
0. 
.000133 

.OOMOO 
.000366 
.000200 
.000167 
.000433 
.000200 
.000067 
.003633 
.004334 
.001166 
.000834 
.002166 

Permanent 
set. 

Inch. 
0. 
0. 

Successive 

permanent 

set. 

Remarks. 

Pounda. 
1,000 
5.000 
10,000 
20,000 
30,000 
35,000 
40,000 
60,000 
54,000 
65,000 
66,000 
57.000 
58,000 
59,000 
60,000 
87,200 

Inch. 
0. 

.000133 
.000367 
.000767 
.001183 
.001333 
.001500 
.001933 
.002133 
.002200 
.005833 
.010167 
.011333 
.012167 
.014833 

Inch. 
0. 
0. 

Initial  load. 

.000083 

.000033 

.000083 
0. 

Elsstic  limit. 



Tensile  strength. 

General  mmmary. 

Tensile  strength  per  square  inch  of  original  section pounds..    87,200 

Elastic  limit  per  square  inch  of  original  section do. . .    56, 000 

Elongation  per  incli  after  rupture Inch . .       .227 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  0022U0 

Reduction  in  diameter  at  point  of  rupture do. . .       .\Z\ 

Reduction  in  area  after  rupture,  per  cent  of  original  section 41.9 

PocdUon  of  rupture 1  ".25  from  neck 

Character  of  broken  surface sil  ky 

Elongation  of  inch  sections ".24,  ".32*  ".12 


TABULATION  OF  TENSION  SPECIMENS   FROM  Ig-INCH  STEEL  B.  L, 

RIFLES. 

STEMS  V  LONG,  ''.664  DIAMETER. 


No. 
of  test. 

Position  in 
gun. 

Location 
of  speci- 
mens. 

Elastic 

limit  per 

square 

inch. 

Tensile 
strength 

per 
square 

inch. 

Elon- 
tk)n. 

Con- 
trac- 
tion of 
area. 

Appearance  of 
fracture. 

Remarks. 

7464 
7463 
7451 

7460 
7466 

7462 
7453 

Tube 

do 

Jacket 

do 

do 

Hoop 

Outside. 
Middle . 
Outside. 

Middle . 
....do... 

....do... 

Pounds. 
49,000 
47,000 
51,000 

51.000 
45,000 

68,000 
55,000 

Pounds. 
89,160 
87,200 
98,600 

91.920 
91,160 

102,800 
87,200 

Perd. 
17.7 
23.8 
17.0 

23.7 
16.7 

19.7 
22.7 

PertL. 
49.7 
44.6 
44.6 

47.2 
30.6 

49.7 
41.9 

Silky 

Breech  end. 

Muzzle  end. 

Do. 

Do. 
Do. 

Do. 
Do. 

*silky?'toice"of' 
granulation. 

Silky 

Granular,  silky 
spot  at    cir- 
cumference. 

Silky 

Breechblock. 

....do... 

do 

16-INCH  STEEL  B.  L.  RIFLE. 


SPECIMEN  FROM  FORGING  FROM  WATERVLIET 

ARSENAL. 
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16-LNCH    STEEL    B.   L.   RIFLE. 

No.  7442. 

16"  Rifle  Forging. 
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Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  1". 


Appli 
loads] 


loads  per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
50,000 
60,000 
65,000 
70.000 
80,000 
82,000 
83,000 
84.000 
85,000 
86,000 
87,000 
88,000 
89,000 
90,000 
91.000 
92,000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,000 
113,400 


Ifi  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0001 
.0002 
.0004 
.0008 
.0011 
.0018 
.0016 
.0018 
.0020 
.0023 
.0024 
.0026 
.0090 
.0032 
.0084 
.0088 
.0040 
.0042 
.0OJ7 
.0052 
.0057 
.0062 
.0072 
.0081 
.0091 
.0101 
.0112 


Set. 


Inch. 

0. 

0. 


.0013 


RemarkH. 


Initial  load. 


Elastic  limit,  approximate,  not  well  defined. 


Tensile  strength. 


General  mnunary. 

Tensile  strength  per  square  inch  of  original  section pounds..  113,400 

Elastic  limit  per  square  inch  of  original  section,  approximate do. . .    82,  OUO 

Elongation  per  inch  after  rupture , inch..         .02 

Elongation  per  inch  under  strain  at  elastic  limit do. . .      .  0024 

Keduction  in  diameter  at  point  of  rupture do. . .       .  005 

Reduction  in  area  after  rupture,  per  cent  of  original  section 1. 8 

Pndtion  of  rupture 

Character  of  broken  surface fine  granular,  radiating  from  a  point  in  the  circumference 

Elongation  of  inch  section > ".02 
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PISTON    RODS    AND   RETRACTION    ROPES. 


RETRACTION  AND  BUFFER  BRACKET  HOOKS  FOR  10-INCH  BARBETTE 

CARRIAGE, 


STEEL   CASTINGS. 
RETRACTION  HOOK. 


Measurements  for  distortion  of  hook  taken  from  point  of  hook  to 
iSxed  block  in  testing  machine. 


*,ff 

Distortion 
of  hook. 

Applied 
loads. 

Distortion  of  hook. 

PlOWMfo. 

Inch. 

Pounds. 

Inch. 

1,000 

0. 

16,000 

.21 

5.000 

.03 

17,000 

.26 

10,000 

.10 

18,000 

.28 

1,000 

.02 

19,000 

.32 

15.000 

.19 

20,000 

.38 

1,000 

.06 

1,000 

.22 

1,000 
5,000 
10,000 
15,000 
1,000 
16,000 
17,000 


BUFFER  BRACKET. 


.08 
.19 
.80 
.11 
.32 


18,000 
19,000 
20,000 
20,000 
20,000 
1,000 


.40 

.43 

.52 

.  67  after  5  minutes. 

.  68  after  10  minutes. 


A  part  of  the  apparent  distortion  of  the  hook  is  attributed  to  the 
partial  shearing  of  the  1-inch  bolts  securing  the  bmcket  to  the  testing 
fixture. 

piston  rods  and  retraction  ropes. 

Piston  Rods. 

PROOF  STRESSES  APPLIED  TO  PISTON  RODS  FOR  GUN  CARRIAGES. 


Description. 


Tensile 
stress  ap- 
plied. 


75-millimeter  Vicker-Maxim  mountain  gun  carriage 

15-pounder  Drlggs-Seabury  R.  F.  gun  carriage 

6-inch  R.  F..  B.  L.  rifle  carriage 

8-inch  disappearing  carriage,  model  1896 

10-inch  disappearing  carriage 

12-inch  disappearing  carriage 

12-inch  barbette  carriage 


Pntmd«. 

12,600 
131,966 
100,000 

72,000 
125,000 
150,000 
279, 128 


Wire  Retraction  Ropes. 

PROOF  STRESSES  APPLIED  TO  WIRE  RETRACTION  ROPES  FOR  GUN  CARRIAGES. 


Description. 


i-inch  steel  wire  retraction  ropea  with  conical  socketii,  for  8-inch  disappearing 
carriages 

^-Inch  steel  wire  retraction  ropes  with  conical  sockets,  for  10-inch  disappearing 
carriages 

f-inch  steel  wire  retraction  ropes  with  conical  sockets,  for  12-inch  disappearing 
carriages 


Tensile 

stress  ap- 

plied. 


Pmtndx. 
7,080 
8,800 
15,000 


BEOOIL   CYLINDER,  12-INOH    MORTAR   CARRIAGE. 
RECOIL  CYLINDER,  12-INCH   MORTAR  CARRIAGE. 

Steel  from  fractured  casting  from  Fort  Preble,  Me. 
Specimen  taken  longitudinally  near  secondary  fracture. 
Gauged  length,  3". 
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No.  of 
test. 

Sec- 
tional 
area. 

Elastic  limit. 

Ultimate  strength. 

Contrac- 
tion of 
area. 

Diam- 
eter. 

Total. 

Per 
square 
inch. 

Total. 

Per 
square 
inch. 

Elongation  in  3 
inches. 

10481 

Inch. 
0.5e4 

Square 
inch. 
0.26 

Pounds, 
7,300 

Pounds, 
29,200 

Pounds. 
16,050 

Pounds. 
67,800 

Inch, 
0.90 

Percent. 
30' 

Percent. 
27.4 

Appearance  of  fracture oblique;  silky  and  granular  metal  miter  mingled. 

Elongation  of  inch  sections ''.26,''.88»/'.27 

DESCRIPTION   OF  ERACTURES  IN  THE   CASTING. 

2^.0625  diameter. 

^96 

Secondary  fracture. 


1".53. 
Primitive  fracture. 


1".40 

Location  from  whence  specimen 
was  taken  for  tensile  test. 


The  primitive  fracture,  in  the  wall  between  the  main  cylinder  and 
the  auxiliary,  presented  a  granular  appearance,  radiating  from  spongy 
metal  near  the  surface  of  the  bore  of  the  main  c}- Under.  The  spongy 
metal  extended  over  a  length  of  18"db,  and  at  its  maximum,  was  ".85 
deep  from  the  surface  of  the  bore,  thus  leaving  about  ".68  thickness 
of  sound  metal  beyond,  at  the  worst  place.  There  were  several  small, 
spongy  spots  in  the  surface  of  the  bore  in  this  vicinity,  ranging  in 
diameter  from  ".01  to  ".02. 

A  secondary  fracture  was  formed  at  the  junction  of  the  two  cylinders, 
extending  inward  from  the  exterior  surface  of  the  casting,  in  depth 
nearly,  but  not  quite,  reaching  the  surface  of  the  bore.  This  fracture 
had  its  origin  at  a  spongy  spot  about  ".35  deep,  on  the  outside  of  the 
casting. 

The  tensile  specimen  was  taken  out  longitudinally  from  the  walls  of 
the  cylinder  adjacent  to  the  secondary  fracture. 

•     H.  Doc.  335 i 
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BEINFORCING   PLATE,    12-INCH   MORTAR   CARRIAGE. 


O   OS 


c 
o 


o 


Ill 


If 


§ 


^|a 


I 


lis 


I 


li 


5« 


^^ 


1^ 


1^ 


I 


1^ 


1| 


<?• 


I 


q; 

<» 


.    ;§ 


» 


Pk 

'nJ 

^ 

c 

a 

03 

» 

a 

M 

en 

r^ 

a* 

pq 

> 

r^ 

s 

P< 

&I 

PLH 

>? 

0^ 

O) 

^ 

tS) 

& 

M 

» 

U4 

S 

^ 

H 

^ 

O 

O 

M 

« 

QC 

U4 

_^ 

O 

S 

^ 

M 

J3 
o 

^ 

> 

o 

w 

CO 

o 

M 

W 

^ 

tf 

B 

o 

K 

Pc^ 

c 

'^c 

^  en 

ggi 

;^ 

Q-^ 

? 

o 

C/J 

PQ  cu 

HJ 

X 

» 

en  ^ 

tj 

ifo 

Uu 

.S3 

X 

u 

g 

J 

<4H  ^ 

•4) 

o  2^ 

H 

Z.'^ 

S 

0    X 

S 

•4^       • 

.g-'« 

o    »-i 

^  o 

« 


II 


II 


o 


^-is 


I 


is 


^fe&& 


'^SsS 


P^  : 


isSJ:; 


OOtO 


llll 


s?i?58 


I' 


SS 


sxeoeo 


2  '  '  ' 


•  SSS 


'?J 


< 


STESL  SFECIHBN8. 


51 


hi 

.So| 


2    S 
^    I 


C3      iS 

«>    a 


ll 


2d 


§8  38 


i§  §§ 


5 

II 


Sid     oo 


f  ^- 


t 


dll 


i 


i3 


I 


gs 

ll 


IS  ss 


t^  ss 


is   SS 


«• 


J   §§ 


STEEL  FOR  YOKES 

FROM  THB 

BUREAU  OF  ORDNANCE,  UNITED  STATES  NAVY. 
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STEEL   FOB   YOKES. 

Steel  for  Yokes. 

No.  7439. 
Marks,  m 
Diameter,  ".600. 
Sectional  area,  .196  square  inch. 
Ganged  length,  2". 


55 


loads  per 
square 
inch. 

Elonsatlon 
per  inch. 

Snccesrive 
elongation 
perinch. 

Permanent 
set. 

SucoeBBiTe 

permanent 

set 

Remarks. 

I\>Wld$, 

1,000 
6,000 
10,000 
20,001) 
80,000 
85,000 
86,000 
87,000 
88,000 
89.000 
40,000 
87.560 

Inch. 
0. 

.00010 
.00020 
.00060 
.00105 
.00120 
.00840 
.00385 
.00460 
.00610 
.00666 

Inch. 
0. 

.00010 
.00010 
.00040 
.00045 
.00015 
.00220 
.00045 
.00065 
.00060 
.00066 

Inch, 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 
Ela^c  limit. 

Tensile  strength. 

0. 
0. 

0. 
0. 

Qeneral  tummary. 

Tensile  stren^  per  square  inch  of  original  section pounds . .  87, 650 

Elastic  limit  per  square  inch  of  original  section , do...  85,000 

Elongation  per  inch  after  rupture inch. .       .  20 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00120 

Reduction  in  diameter  at  point  of  rupture do...      .060 

Reduction  in  area  after  rupture,  per  cent  of  original  section 29.1 

Position  of  rupture. , I'M  from  neck 

Character  of  broken  surface granular  60  per  cent,  silky  40  per  cent 

Elongation  of  inch  sections ".28*,  ".17 
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Marks,  m 


steel  fob  yokes. 

Steel  for  Yokes. 

No.  7440. 


XTiaiAD,  111 

Diameter,  ".500. 

Sectional  area,  .190  square  inch. 

Gauged  length,  2". 


Appllcrl 
lo«/w  per 

inch. 

Elongation 
per  Inch. 

Snrccwdve 
elonKation 
per  Inch. 

PemiAnent 
net. 

SnecesBive 

permanent 

set. 

Remarks. 

PouruU. 
1,000 
5,  OCX) 
io,orx) 

20,000 
30,  (XX) 

:m,ooo 

35,  (XX) 
30,000 
87,  (XX) 
38,  (XX) 
3«.000 
40.000 
80,400 

Inrh. 
0. 

.00010 
.00020 
.000% 
.OOKX) 
.00115 
.00210 

.oo:wo 

.00125 
.00510 
.OOTilb 
.006()0 

Inch, 
0. 

.00010 
.00010 
.00035 
.00045 
.00015 
.00005 
.0(XK)0 
.00125 
.00085 

.ooor>5 

.00085 

/ncft. 

0. 

0. 

Inch. 
0. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  Ptrength. 

0. 

0. 

1 

General  summary. 

Tenrilc  strength  per  nqnare  Inch  of  original  flection pounds..  80,400 

EhiMtic  limit  i>er  fw|uare  Inch  of  original  section do...  34,000 

KUrtigAtion  per  \uv.h  after  rnpMire inch. .      .  0S5 

Khmgution  i>er  ini-h  undc*"  Htmin  at  elastic  limit do. . .  .00115 

li4>duction  In  diamct<'r  at  po*nt  of  rupture do. . .      .  (MO 

Kciluction  In  area  after  nipture,  per  cent  of  original  section 15. 3 

I'oNi tion  of  rupture ".75  from  neck 

(■haractcr  of  broken  surface granular,  radiating  from  a  dull,  silky  spot  in  the  circumference 

Elongation  of  inch  sections ".10*,  ".07 


STEEL    FOR    YOKES. 

Steel  for  Yokes. 
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Marks,  nf 


No.  7441 


XfXttllWO,  III 

Diameter,  ".500. 

Sectional  area,  .196  square  inch. 

Gauged  length,  2". 


Applied 

looanper 

square 

inch. 

Elongation 
per  inch. 

Successive 
elongation 
perinch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
6,000 
10,000 
20.000 
30,000 
34,000 
35.000 
36.000 
37,000 
38,000 
39,000 
40,000 
85,700 

Inch. 
0. 
.00010 

.00060 
.00100 
.00116 
.00140 
.00165 

.wmo 

.00625 
.00660 
.00716 

Inch. 
0. 
.00010 
.00020 
.03030 
.00040 
.00015 
.00026 
.00025 
.00425 
.00035 
.00035 
.00055 

Inch. 

S: 

Inch. 

0. 

0. 

Initial  load. 

0.                    0. 

Elastic  limit. 

Tensile  strength. 

1                      1 

Qeneral  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  85,700 

Elastic  limit  per  square  inch  of  original  section do. . .  34, 000 

Elongation  per  inch  after  rupture Inch. .       .  19 

Elongation  per  inch  under  strain  at  clastic  limit do. . .  .  00116 

Reduction  in  diameter  at  point  of  rupture do. . .      .  050 

Reduction  in  area  after  nipture,  per  cent  of  original  section 18. 9 

Position  of  rupture ".83  from  neck 

Character  of  broken  surface granular,  60  per  cent;  silky,  40  per  cent 

Elongation  of  inch  sections ^ ".17,  ".21* 
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8TEEL   FOB    YOKES. 
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CAST  IRON  AND  PIG  IRONS. 


TENSION  TESTS  AND  CHEMICAL  ANALYSES. 
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OAST  IKON   AND   PIG   IE0N8. 
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CAST   IRON    AND   PIG    IRONS. 
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CAST  lEON   AND   PIG   IRONS. 
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GUN  CARRIAGE  AND  INGOT  METAL. 
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BRONZE  FROM  OLD  12-POUNDER  GUNS  IN  STORE 
AT  WATERTOWN  ARSENAL 


SPECIMENS  FROM  THE  GUNS,  AND  RECAST  METAL 
FROM  THE  SAME. 


6BONZE    FBOM    OLD    12-POUNDER   GUNS. 
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The  metal  from  each  of  three  12-pounder  bronze  guns  in  store  at 
Watertown  Arsenal  were  examined  for  physical  properties,  and  chem- 
ical analyses  of  the  material  were  made. 

For  identification  the  guns  were  marked  1,  2,  and  3.  They  were 
branded  as  follows: 


No. 

Legends. 

Breech. 

Mn«5le,  in  part. 

1 
2 
8 

H.N.Hoopor&Co.,  No.  345 

1,286  pounds  C.C.  1864. 
1,286  poundsT.J.R.  1883. 
1, 230  pounds  R.  M.  H.  1864. 

C.A.<&Co.,No.l66 

Beyere  Copper  Co.,  No.  440 

The  guns  were  cut  into  sections  in  the  lathe  and  longitudinal  seg- 
ments token  out  by  the  planer,  and  from  the  latter  tensile  specimens 
were  turned  down,  from  which  the  original  properties  of  tne  metal 
were  ascertained.  Subsequently  the  metal  from  each  of  guns  Nos.  1 
and  2  were  remelted  and  cast  into  ingots  in  iron  molds,  from  whence 
tensile  specimens  were  taken.  Finally,  metal  from  guns  Nos.  2  and 
3  were  melted,  tin  and  zinc  added,  and  tensile  specimens  taken  from 
the  ingots  which  these  mixtures  furnished.  Chemical  analyses,  spe- 
cific gravity ,  and  hardness  determinations  were  made  on  the  original 
metal  taken  directly  from  the  guns. 

It  appears  that  tne  metal  is  approximately  the  so-called  gun  metal, 
88,  10,  and  2  mixture  in  the  piece  branded  H.  N.  H.  &  Co. ;  a  90  Cu, 
10  Sn  mixture  in  the  C.  A.  &  Co.  gun,  and  90  Cu,  8  Sn,  2  Zn  mixture 
in  the  R.  C.  Co.  piece.  In  tensile  strength  the  original  metal  from 
the  guns  ranged  between  the  limits  of  35,000  and  47,000  pounds  per 
square  inch;  when  recast,  between  32,000  and  43,000  pounds  per  square 
inch,  and  after  the  addition  of  tin  and  zinc,  33,000  to  39,000  tensile 
strength  was  obtained. 


CHEMICAL  ANALYSES. 


Gun 

No. 

End. 

Marks. 

Copper. 

Tin. 

Zinc. 

Iron. 

1... 
1... 
2... 
2... 
8... 
8... 

Breech 

MuaEle 

H.  N.  Hooper  &  Co 

88.63 
88.85 
90.65 
90.50 
90.90 
90.77 

9.57 
9.40 
9.35 
9.50 
7.60 
7.75 

1.80 
1.75 

Trace. 

Trace. 
1.50 
1.48 

Trace. 
Trace. 

do 

Breech 

Mnzsle 

C.  A.  &Co 

do 

Breech 

Muttle 

Revere  Copper  Co 

do 
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BRONZE   FROM   OLD   12-POUNDER   GUNS. 


SPECIMENS  TAKEN  FROM  LONGITUDINAL  SLICES  FROM  THE  GUN 

Gun  No.  1,  Breech  End. 

Diameter,  1".129. 

Sectional  area,  1.00  square  inch. 

Gauged  length,  10". 


Applied 

loads  per 

square 

Inch. 

Elongation 
permch. 

Successiye 
elongation 
perinch. 

Permanent 
set. 

Inch. 

SuocesRivc 

permanent 

set. 

Remarks. 

Pounds, 
1,000 
2,000 
S,000 
4,000 
6,000 
6,000 
7.000 
8,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
19,000 
89,800 

Inch. 
0. 

.00007 
.00014 
.00021 
.00028 
.00086 
.00042 
.00049 
.00056 
.00062 
.00070 
.00077 
.00065 
.00096 
.00106 
.00122 
.00161 
00200 
.00420 
.00600 

Inch, 
0. 

.00007 
.00007 
.00007 
.00007 
.00007 
.00007 
.00007 
.00006 
.00007 
.00006 
.00007 
.00006 
.00008 
.00012 
.00017 
.00029 
.00049 
.00220 
.00080 

Inch. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

1 

1 

j 

0. 

0. 

": :** 

t 

0. 



0. 

.00012 

.00012 

1 

.00386 

.00873 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  39,800 

Elastic  limit  per  square  Inch  of  original  section do. ..  14, 000 

Elongation  per  inch  after  rupture inch..      .226 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00098 

Reduction  In  diameter  at  point  of  rupture do. . .      .119 

Reduction  in  area  after  rupture,  per  cent  of  original  section 19.9 

Character  of  broken  surface uniform,  dull  lavender  yellow 

Elongation  of  inch  sections ".21 ,  ".22,  ".22,  ".23,  ".23,  ".22,  ".23,  ".27*,  ".22,  ".20 


BBONZE   FROM   OLD   12-POUNDER   GUNS, 

Gun  No.  1,  Muzzle  End. 
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Diameter,  1".009. 

Sectional  area,  .800  square  inch. 

Gauged  length,  10". 


AppUed 

loads  per 

square 

Inch. 

Elongation 
perinch. 

Successive 
elongation 
perinch. 

Permanent 

set. 

Successive 

permanent 

set. 

Remarks. 

Founds. 
1,000 
2,000 
3,000 
4;  000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
41,440 

Inch. 
0. 

.00007 
.00013 
.00020 
.00029 
.00065 
.00042 
.00050 
.00057 
.00066 
.00072 
.00082 
.00090 
.00100 
.00118 
.00145 
.00205 
.00600 
.01090 
.01600 

Inch. 
0. 
.00007 
.00006 
.00007 
.00009 
.00006 
.00007 
.00008 
.00007 
.00009 
.00006 
.00010 
.00006 
.00010 
.00018 
.00027 
.00060 
.00295 
.00580 
.00570 

Inch. 

Inch. 

IniUal  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 



0. 

6. 



.00001 

.00001 

.00015 

.00014 

.01458 

.01443 

General  sannnary. 

Tensile  strength  per  square  inch  of  original  section pounds..  41,440 

Elastic  limit  per  square  inch  of  original  section do. ..  14, 000 

Elongation  per  inch  after  rupture inch..     .337 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00100 

Reduction  In  diameter  at  point  of  rupture do. . .      .159 

Reduction  in  area  after  rupture,  per  cent  of  original  section 29. 1 

Character  of  broken  surface uniform,  golden  yellow 

Elongation  of  inch  sections ».38,  *.31,  ".32,  ".31,  ".32,  ".31,  ".33,  ".34,  ".35,  ".45,  broke  in  the  neck 


74 


BBONZE   FROM   OLD   12-POUNDER   GUNB. 

Gun  No.  2,  Breech  End. 


Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10". 


Applied 

loads  per 

square 

inch. 

Elongation 
perinch. 

Successive 
elongation 
perinch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
2,000 
3,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
16,000 
16,000 
17,000 
18.000 
19,000 
20,000 
20,000 
43,800 

Inch. 

0. 
.00007 
.00012 
.00019 
.00026 
.00031 
.00039 
.00046 
.00062 
.00060 
.00067 
.00074 
.00083 
.00091 
.00102 
.00119 
.00142 
.00180 
.00280 
.00410 
.00490 

Inch. 

0. 
.00007 
.00006 
.00007 
.00007 
.00006 
.00006 
.00006 
.00007 
.00008 
.00007 
.00007 
.00009 
.00008 
.00011 
.00017 
.00023 
.00038 
.00100 
.00130 
.00080 

Inch. 

Inch. 

Initial  l<iH<l. 

6. 

(>. 

0, 

0. 

1 

Elastic  limit. 
Tensile  strength. 

.00009    1        .00009 

.00420 

.00411 

1 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds . .  43, 800 

Elastic  limit  per  Muare  inch  of  original  section do...  14,000 

Elongation  per  incn  after  rupture inch..      .312 

Elongation  per  inch  under  strain  at  elasticlimit do...  .00091 

Reduction  in  diameter  at  point  of  rupture do...      .199 

Reduction  in  area  after  rupture,  per  cent  of  original  section 32.1 

Character  of  broken  surface uniform,  lavender  yellow 

Elongation  of  inch  secttons ".28,  *.29,  ".30,  ''.30  ".Si,  *.82,  ''.32,  *.81,  .31'',  ".38* 


bronze  fbok  old  12-pounder  guns. 
Gun  No.  2,  Muzzle  End. 
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Diameter,  1".009. 

Sectional  area,  .800  square  inch. 

Gauged  length,  10". 


loaOMper 
square 
inch.' 

per  Inch. 

SucceMive 
elongation 
per  inch. 

Permanent 
Ret. 

Succeflsive 

permanent 

set. 

Remarks. 

PoufuU. 

1,000 

2,000 

8,000 

4,000 

6,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

16,000 

16.000 

17,000 

18.000 

19,000 

20,000 

21,000 

22,000 

47,000 

Inch. 
0. 
.00006 

.00011 
.00018 
.00024 
.00081 
.00088 
.00044 
.00061 
.00068 
.00064 
.00072 
.00080 
.00090 
.00100 
.00116 
.00186 
..10176 
.»260 
.00890 
.00660 
.01000 

Inch. 
0. 
.00006 

.00006 
.00007 
.00006 
.00007 
.00007 
.00006 
.00007 
.00007 
.00006 
.00008 
.00008 
.00010 
.00010 
.00016 
.00020 
.00041 
.00074 
.00140 
.00260 
.00850 

Inch. 

Inch. 

IniUal  load. 

Elastic  limit. 
Tensile  strength. 

1 

i 

0.                    0. 

1 

1 

0. 

0. 

.00004 

.00004 

.00278 

.00269 

General  ttummnry. 

Tensile  strength  per  square  inch  of  original  section pounds. .  47, 000 

Ela«tic  limit  per  square  inch  of  original  section do. ..  14, 000 

Elongation  per  inch  after  rupture inch..      .407 

Elongation  per  Inch  under  strain  at  elastic  limit do. . .  .  00090 

Reduction  in  diameter  at  point  of  rupture do...      .179 

Reduction  in  area  after  rupture,  per  cent  of  original  section 82. 4 

Character  of  broken  surface uniform,  dark  yellow 

Elongation  of  inch  secUons ''.41,  ''.41,  ^^.42,  ".40,  ''.40,  ".40,  ".40,  ".41,  ".38,  ".44* 
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BBONZK   FROM    OLD   12-POUNDER   GUNS. 

Gun  No.  3,  Breech  End. 


Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10". 


Applied 

loads  per 

square 

inch. 

Elon&ation 
per  inch. 

Succeraivo 

elongation 

perlnch. 

Permanent 
set. 

SuccesalTe 
permanent 

Bet. 

Remarks. 

« 

Pounds. 
1,000 
2,000 
'    8,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
43,070 

Jneh. 

0. 

.00008 
.00015 
.00022 
.00029 
.00084 
.00041 
.00049 
.00054 
.00060 
.00067 
.00076 
.00084 
.00100 
.00118 
.00160 
.00220 
.00380 
.00700 
.01200 

Inch. 
0. 

.00008 
.00007 
.00007 
.00007 
.00005 
.00007 
.00008 
.00005 
.00006 
.00007 
.00009 
.00008 
.00016 
.00018 
.00042 
.00060 
.00160 
.00820 
.00500 

Inch. 

Indi. 

Initial  load. 

Elastic  limit 
Tensile  strength. 

0. 

0. 

.00001- 

.00003 

.00002+ 

h    .OOOSO 

.00027 

.01070 

.01040 

i 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  43, 070 

Elastic  limit  per  square  inch  of  original  section do . . .  13, 0(M) 

Elongation  per  incn  after  rupture inch..      .428 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  00084 

Reduction  in  diameter  at  point  of  rupture do. . .      .  *i09 

Reduction  in  area  after  rupture,  per  cent  of  original  section 83. 5 

Character  of  broken  surface uniform,  reddish  yellow 

Elongation  of  inch  aectiona *  41,  ".43,  ".42,  ".43,  ".51*,  ".46,^42,  ".43,  ".40,  «88 


BRONZE   FROM   OLD   12-POUNDER   GUNS. 

Gun  No.  3,  Muzzle  End. 
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Diameter,  1".009. 

Sectional  area,  .800  square  inch. 

Gauged  length,  10". 


Applied 
loads  per 

ElonflraUon 
perinch. 

Ui 

Permanent 
set. 

SuccCBBive 

permanent 

set. 

Remarks. 

Pounds. 

1.000 

2.000 

8.000 

4.000 

6.000 

6.000 

7.000 

8.000 

9.000 

10,000 

11,000 

12.000 

13,000 

14,000 

15,000 

16,000 

17.000 

18,000 

19,000 

20,000 

20.000 

20,000 

85,130 

Inch. 
0. 
.00006 

.00014 
.00021 
.00029 
.00086 
.00042 
.00060 
.00057 
.00065 
.00071 
.00081 
.00092 
.00106 
.00142 
.00200 
.00300 
.00600 
.OOWO 
.01400 
.01600 
.01700 

Inch, 
0. 
.00008 
.00006 
.00007 
.00008 
.00007 
.00006 
.00008 
.00007 
.00008 
.00006 
.00010 
.00011 
.00016 
.00034 
.00058 
.00100 
.00200 
.00300 
.00600 
.00200 
.00100 

Inch. 

InelL 

InltUl  load. 

0. 

0. 

.00001 

.00001 

. 

.00004 

.06603 

EUuttie  limit. 
Tensile  strength. 

.00048 

.00041 

.01646 

.01597 

General  ffU?nmary. 

Tensile  strength  per  square  inch  of  oriflrinal  section pounds..  35,130 

Elastic  limit  per  square  inch  of  original  section do...  12,000 

Elongation  per  Inch  after  rupture inch . .      .213 

Elongation  per  inch  under  strain  at  elastic  limit do...  .00081 

Reduction  in  diameter  at  point  of  rupture do...      .159 

Reduction  in  area  after  rupture,  per  cent  of  original  section 29. 1 

Character  of  broken  surface reddish  yellow,  spongv  8iKjt« 

ElongaUon  of  inch  sections ^20,  ".18.  ".21,  M9.  ".19,  ".20,  ".20.  ".31*.  ".23,  ".22 
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BRONZE    FROM    OLD    12-POUNDER   GUNS. 
SPECIMENS  OF  RECAST  METAL. 

Gun  No.  1,  Muzzle  End. 

RECAST. 


Diameter,  ".541. 

Sectional  area,  .23  square  inch. 

Gauged  length,  3". 


ApDlied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elongar 
tlon. 

Set, 

Pounds. 
1.000 
10,480 
18,260 
20,420 
21,800 
22,170 
28,040 
28,910 
24,780 
25,220 
82,890 

IncX 
0. 

Inch. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

.01 
.02 
.08 
.04 
.05 
.06 
.07 
.09 

. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  82,890 

Elastic  limit  per  square  inch  of  original  section do...  10,430 

Elongation  per  incn  after  rupture inch..     .103 

Reduction  in  diameter  at  point  of  rupture do...     .041 

Reduction  in  area  after  rupture,  per  cent  of  original  section 14.8 

Character  of  broken  surface lavender  yellow,  crystalline  structure 

Elongation  of  inch  sections 'MO,  ".U*  ".10 

Gun  No.  2,  Muzzle  End. 


RECAST. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
16,800 
19,600 
22,000 
22,800 
28,600 
25,200 
80,400 
31,600 
43,820 

Inch. 
0. 

Inch. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

.01 
.02 
.03 
.04 
.05 
.06 
.07 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  43,820 

Elastic  limit  per  square  inch  of  original  section do...  16,800 

Elongation  per  inch  after  rupture inch..     .233 

Reduction  in  diameter  at  point  of  rupture do...      .064 

Reduction  in  area  after  rupture,  per  cent  of  original  section 21.6 

Character  of  broken  surface light  lavender,  crystalline  structure 

Elongation  of  inch  sections ''.2&»,  «'.28,  *  22 


6B0KZE   FBOK   OLD    12-POUNDER   GUNS. 
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SPECIMENS  OF  RECAST  METAL  WITH  TIN,  OR  TIN  AND  ZINC,  ADDI- 
TIONS, 

Gun  No.  2,  Muzzle  End. 

becast,  2  per  cent  tin  added. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

sqiure 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 

aon. 

Set. 

Pound*. 
1,000 
li,000 
21,600 
26,000 
27,200 
28,800 
30,000 
81.200 
32.000 
32,800 
86,880 

Inch, 
0. 

Inch. 

Initial  load. 
ElasUc  limit 

Tensile  streiigth. 

.01 
.02 
.03 
.04 
.05 
.06 
.07 
.06 

General  gummary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  86, 880 

Elastic  limit  per  square  inch  of  original  section do...  14,000 

Elongation  per incn  after  rupture inch..     .067 

Reduction  in  diameter  at  point  of  rupture do...     .084 

Reduction  in  area  after  rupture,  per  cent  of  original  section 11.6 

Character  of  broken  surface yellowish  gray,  crystalline  structure 

Elongation  of  inch  sections '^.04,^06,''.07* 
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BBONZE    FROM   OLD   12-POUNDER    GUNS. 


Gun  No.  2,  Breech  and  Muzzle  Ends. 

recast,  i  per  cent  tin  and  1  per  cent  zinc  added. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
12,000 
16,000 
18,400 
19,200 
19,600 
20,800 
21,600 
22,000 
22,400 
22,400 
22,800 
83,600 

Inch. 
0. 

Inch. 

Initial  load. 

Elastic  limit. 

.01 
.02 
.03 
.04 
.05 
.06 
.07 
.08 
.09 
.10 

Tensile  strength. 

General  mmmary. 

Tensile  strength  per  square  inch  of  original  section pounds..  33,600 

Elastic  limit  per  Ml uare  inch  of  original  section do...  12,000 

Elongation  per  incn  after  rupture inch..      .193 

Reduction  in  diameter  at  point  of  rupture do...      .074 

Reduction  in  area  after  rupture,  per  cent  of  original  section 24.4 

Character  of  broken  surface uniform,  golden  yellow  with  small  lavender  spots 

Elongation  of  inch  sections MS,". 20*,  14*. 

Gun  No.  3,  Breech  and  Muzzle  Ends. 

recast,  i  per  cent  tin  and  1  per  cent  zinc  added. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  4". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
9,200 
18,800 
22,000 
28,600 
24,000 
24,800 
25,600 
26,400 
26,800 
89,600 

Inch. 
0. 

Inch. 

InitiHl  load. 
Elustir  limit. 

Tensile  strength. 

.01 
.02 
.03 
.04 
.05 
.06 
.07 
.08 

General  mmmary. 

Tensile  strength  per  square  inch  of  original  section ..........pounds..    89,600 

Elastic  limit  per  square  inch  of  original  section do...      9,200 

Elongation  per  incn  after  rupture inch..  •    .168 

Reduction  in  diameter  at  point  of  rupture do...       .044 

Reduction  in  area  after  rupture,  per  cent  of  original  section 15. 2 

Character  of  broken  surface uniform,  lavender,  crystalline 

Elongation  of  Inch  sections ".18,  ".  18*,  *.  15,  M6 
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COPPER  CYLINDERS  FOR  PRESSURE  GAUGES. 


OOPPEB   CYLINDEBS   FOB   PBESSUBE   0AU0B8. 
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Tarage  Table  for  Fbessube   Cyundebs  Furnished  with  the 
GoLAz  (French)  Apparatus. 

Cylinders  received  from  Frankford  Arsenal. 

Mean  dimensions:  Length,  ".5110;  diameter,  ".3140. 


plied. 


PoutuU 
100 
200 
900 
400 
500 
600 
700 
800 
900 
1,000 
1,100 
1,200 
1,800 
1,400 
1,500 
1,600 
1.700 
1,800 
1,900 
2,000 
2,100 
2,200 
2,300 
2,400 
2,600 
2,600 
2,700 
2,800 
2,900 
8,000 
8,100 
8,200 
8,800 
8,400 
8,500 
8,600 
8,700 
3,800 
8,900 
4,000 
4,100 
4,200 
4,800 
4,400 
4,600 
4.600 
4,700 
4.800 
4.900 
5,000 
5,100 
6,200 
5.800 
5,400 
5,500 
5,600 
6,700 
5,800 
6,900 
6,000 
6,100 
6,200 
6,800 
6,400 
6,500 
6,600 
6.700 
6,800 
6.900 
7,000 
7,100 


Total  comprtifirionB. 


Inch. 
0. 
.0002 
.0006 
.0021 
.0087 
.0060 
.0077 
.0102 
.0122 
.0147 
.0170 
.0197 
.0220 
.0250 
.0279 
.0810 
.0836 
.0870 
.0402 
.0435 
.0469 
.0501 
.0647 
.0672 
.0610 
.0645 
.0689 
.0724 
.0759 
.0802 
.0840 
.0681 
.0921 
.0968 
.1000 
.1040 
.1076 
.1128 
.1166 
.1204 
.1285 
.1280 
.1819 
.1370 
.1413 
.1462 
.1498 
.1631 
.1677 
.1615 
.1664 
.1696 
.1741 
.1778 
.1819 
.1866 
.1896 
.1928 
.1966 
.2024 
.2050 
.2063 
.2116 
.2144 
.2177 
.2210 
.2288 
.2270 
.2800 
.2829 
.2366 


Inch. 

Inch. 

0. 

0. 

.0002 

.0002 

.0005 

.0007 

.0012 

.0019 

.0029 

.0036 

.0061 

.0064 

.0070 

.0076 

.0091 

.0098 

.0127 

.0116 

.0186 

.0140 

.0163 

.0163 

.0190 

.0190 

.0218 

.0216 

.0240 

.0248 

.0274 

.0270 

.0300 

.0300 

.0S30 

.0330 

.0363 

.0865 

.0400 

.0892 

.0426 

.0426 

.0462 

.0462 

.0492 

.0490 

.0632 

.0530 

.0670 

.0564 

.0605 

.0603 

.0645 

.0640 

.0678 

.0671 

.0718 

.0714 

.0766 

.0759 

.0798 

.0800 

.0835 

.0638 

.0883 

.0677 

.0917 

.0911 

.0965 

.0964 

.1010 

.1000 

.1045 

.1046 

.1076 

.1078 

.1126 

.1124 

.1180 

.1170 

.1215 

.1210 

.1244 

.1239 

.1279 

.1266 

.1330 

.1830 

.1370 

.1358 

.1415 

.1395 

.1460 

.1436 

.1490 

.1480 

.1540 

.1622 

.1678 

.1568 

.1621 

.1592 

.1666 

.1640 

.1710 

.1676 

.1750 

.1720 

.1786 

.1769 

.1833 

-1792 

.1870 

.1839 

.1910 

.1876 

.1946 

.1916 

.1977 

.1963 

.2029 

.1989 

.2060 

.2028 

.2069 

.2062 

.2128 

.2096 

.2160 

.2123 

.2186 

.2156 

.2219 

.2184 

.2251 

.2216 

.2282 

.2249 

.2315 

.2280 

.2341 

.2818 

.2367 

.2346 

Inch. 
0. 
.0001 
.0006 
.0018 
.0087 
.0057 
.0081 
.0100 
.0126 
.0147 
.0174 
.0196 
.0228 
.0261 
.0282 
.0807 
.0338 
.0374 
.0400 
.0431 
.0470 
.0602 
.0544 
.0670 
.0610 
.0647 
.0690 
.0723 
.0766 
.0810 
.0641 
.0688 
.0926 
.0967 
.1010 
.1064 
.1090 
.1133 
.1184 
.1216 
.1236 
.1270 
.1330 
.1361 
.1410 
.1440 
.1490 
.1580 
.1566 
.1609 
.1641 
.1688 
.1726 
.1765 
.1797 
.1843 
.18^ 
.1920 
.1061 
.1989 
.2027 
.2062 
.2098 
.2123 
.2156 
.2191 
.2226 
.2251 
.2275 
.2304 


Inch. 

0. 
.0001 
.0006 
.0015 
.0082 
.0049 
.0070 
.0094 
.0109 
.0140 
.0156 
.0186 
.0216 
.0286 
.0268 
.0296 
.0322 
.0350 
.0383 
.0416 
.0457 
.0483 
.0626 
.0663 
.0696 
.0626 
.0666 
.0710 
.0789 
.0790 
.0627 
.0867 
.0906 
.0964 
.0990 
.1036 
.1073 
.1130 
.1160 
.1190 
.1280 
.1270 
.1320 
.1370 
.1402 
.1424 
.1466 
.1610 
.1560 
.1580 
.1625 
.1667 
.1700 
.1750 
.r86 
.1824 
.1860 
.1896 
.1940 
.19^ 
.2020 
.2048 
.2061 
.2120 
.2i50 
.2183 
.2210 
.2240 
.22^6 
.2300 
.2334 


Inch. 

0. 
.0002 
.0006 
.0006 
.0011 
.0019 
.0086 
.0068 
.0078 
.0108 
.0120 
.0140 
.0168 
.0189 
.0214 
.0240 
.0267 
.0302 
.0880 
.0841 
.0888 
.0427 
.04fl2 
.0491 
.0626 
.0668 
.0605 
.0644 
.0681 

.ono 

.0761 
.0796 
.0881 
.0681 
.0925 
.0960 
.1014 
.1047 
.1079 
.1125 
.1170 
.1209 
.1248 
.1280 
.1826 
.1860 
.1400 
.1489 
.1480 
.1630 
.1564 
.1698 
.1684 
.1678 
.1710 
.1756 
.1786 
.1880 
.1868 
.1904 
.1945 
.1962 
.2016 
.2048 
.2090 
.2118 
.2145 
.2173 
.2196 
.2'»30 
.2256 


Inch. 

0. 
.0002 
.0002 
.0006 
.0016 
.0086 
.0066 
.0074 
.0096 
.0116 
.0141 
.0166 
.0190 
.0220 
.0248 
.0272 
.0805 
.0884 
.0866 
.0400 
.0480 
.0470 
.0600 
.0640 
.0570 
.0610 
.0647 
.0683 
.0780 
.0761 
.0610 
.0848 


.0976 
.1011 
.1066 
.1090 
.1189 
.1172 
.1216 
.1249 
.1280 
.1336 
.1870 
.1406 
.1449 
.1490 
.1535 
.1670 
.1608 
.1660 
.1689 
.1726 
.1768 
.1801 
.1844 
.1879 
.1918 
.1958 
.1992 
.2080 
.2060 
.2090 
.2126 
.2160 
.2192 
.2J1H 
.2249 
.2279 
.2315 


Inch. 

.0002 
.0004 
.0018 
.0080 
.0047 
.0068 
.0068 
.0110 
.0182 
.0166 
.0180 
.0206 


.0814 
.0846 
.0878 
.0406 
.0441 
.0480 
.0506 
.0648 
.0684 
.0628 
.0658 
.0696 
.0737 
.0779 
.0618 
.0868 
.0696 
.0987 
.0984 
.1084 
.1066 
.1090 
.1145 
.1184 
.1225 
.1254 
.1289 
.1842 
.1890 
.1430 
.1460 
.1496 
.1540 
.1689 
.1628 
.1660 
.1706 
.1760 
.1786 
.1880 
.1866 
.1897 
.1940 
.1974 
.2020 
.2049 
.2081 
.2100 
.2145 
.2175 
.2203 
.2239 
.2265 
.2295 
.2326 


Inch. 
0. 

.0002 
.0007 
.0014 
.0024 
.0046 
.0061 
.0066 
.0108 
.0126 
.0146 
.0176 
.0198 
.0220 
.0266 
.0280 
.0310 
.0840 
.0870 
.0404 
.0486 
.0471 
.0506 
.0640 
.0678 
.0606 
.0646 
.0686 
.0726 
.0764 
.0602 
.0644 
.0687 
.0926 
.0970 
.1016 
.1066 
.1096 
.1189 
.1186 
.1224 
.1269 
.1289 
.1838 
.1376 
.1417 
.1460 
.1497 
.1564 
.1685 
.1625 
.1666 
.1698 
.1760 
.1789 
.1828 
.1868 
.1906 
.1940 
.1978 
.2011 
.2064 
.2084 
.2116 
.2140 
.2174 
.2206 
.2238 
.2270 
.2297 
.2330 


10. 


Inch. 
0. 

.0001 
.0002 
.0004 
.0006 
.0006 
.0006 
.0007 
.0006 
.0009 
.0010 
.0011 
.0012 
.0018 
.0014 
.0016 
.0017 
.0018 
.0019 
.0022 
.0028 
.0026 
.0029 
.0084 
.0040 
.0068 
.0104 
.0179 
.0269 


.0497 
.0680 
.0662 
.0696 
.0778 


.0952 
.1000 
.1060 
.1120 
.1167 
.1206 
.1240 
.1288 
.1848 
.1396 
.148^ 
.1480 
.1680 
.1678 
.1621 
.1670 
.1705 
.1749 
.1789 
.1885 
.1878 
.1910 
.1948 
.1962 
.2084 
.2068 
:2106 
.2140 
.2174 
.2206 
.2288 
.2275 


M<^tUL 


Inch. 
0. 

.0002 
.0006 

.0018 
.0026 
.0042 
.0060 
.0079 
.0099 
.0120 
.0140 
.0168 
.0186 
.0210 
.0285 
.0261 
.0287 
.0816 
.0844 
.0381 
;0404 
.0484 
.0468 
.0498 
.0682 
.0667 
.0606 
.0648 
.0602 
.0786 
.0780 
.0624 
.0667 
.0914 
.0966 
.1002 
.1044 
.1066 
.1181 
.1170 
.1206 
.1246 
.1290 
.1338 
.1374 
.1410 
.1464 
.1496 
.1639 
.1677 
.1618 
.1668 
.1698 
.1741 
.1778 
.1820 
.1857 
.1896 
.1988 
.1«>78 
.2010 
.2044 
.2079 
.2110 
.2148 
.2176 
.2206 
.2237 
.2267 
.2297 
.2327 


Me&n 

cor- 
rected 


IfUSh. 

0. 

.0001 
.0004 

.0011 
.0024 
.0039 
.0057 
.0076 
.0091 
.0114 
.0184 
.0167 
.0178 
.0202 
.0227 
.0251 
.0277 
.0606 
.0684 
.0809 
.0892 
.0422 
.0466 
.0485 
.0619 
.0664 
.0591 
.0684 
.0678 
.0720 
.0765 
.0609 
.0662 
.0699 
.0941 
.0967 
.1029 
.1071 
.1116 
.1164 
.1192 
.1280 
.1274 
.1817 
.1868 
.1894 
.1488 
.1479 
.1528 
.1560 
.1601 
.1641 
.1681 
.1724 
.1760 
.1802 
.1839 
.1877 
.1915 
.1964 
.1991 
.2025 
.2060 
.2091 
.2124 
.2166 
.2187 
.2218 
.2248 
.2278 
.2806 
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Actual 

Total  compreaBions. 

Mean 

loads 

cor- 

ap- 

rected 

plied. 

1. 

2. 

3. 

4. 

5. 

0. 

7. 

8. 

9. 

10. 

Mean. 

seta. 

Pounds. 

Inch, 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Ihch. 

Ineh. 

7,200 

.2384 

.2400 

.2370 

.2378 

.2358 

.2286 

.2341 

.2363 

.2367 

.2330 

.2357 

.2338 

7,300 

.2415 

.2425 

.2397 

.2400 

.2369 

.2316 

.2367 

.2385 

.2385 

.2354 

.2384 

.2365 

7,400 

.2438 

.2454 

.2420 

.2426 

.2416 

.2346 

.2396 

.2409 

.2413 

.2384 

.2410 

.2391 

7,600 

.2462 

.2480 

.2449 

.2450 

.2440 

.2374 

.2420 

.2443 

.2440 

.2414 

.2437 

.2417 

7,600 

.2489 

.2508 

.2476 

.2472 

.2469 

.2398 

.2462 

.2464 

.2466 

.2445 

.2464 

.2444 

7,700 

.2516 

.2529 

.2602 

.2502 

.2492 

.2425 

.2474 

.2467 

.2491 

.2473 

.2489 

.2469 

7,800 

.2541 

.2660 

.2629 

.2531 

.2515 

.2451 

.2505 

.2615 

.2511 

.2496 

.2614 

.2494 

7,900 

.2567 

.2673 

.2652 

.2550 

.2642 

.2477 

.2680 

.2536 

.2533 

.2520 

.2536 

.2616 

8,000 

.2690 

.2695 

.2677 

.2575 

.2661 

.2603 

.2661 

.2669 

.2561 

.2651 

.2662 

.2541 

8,100 

.2611 

.2622 

.2595 

.2600 

.2664 

.2525 

.2674 

.2566 

.2584 

.2570 

.2585 

.2664 

8,200 

.2633 

.2649 

.2619 

.2621 

.2610 

.2545 

.2596 

.2609 

.2606 

.2690 

.2608 

.2687 

8,300 

.2654 

.2675 

.2642 

.2644 

.2630 

.2674 

.2623 

.2631 

.2630 

.2616 

.2632 

.2611 

8,400 

.2676 

.2695 

.2665 

.2652 

.2697 

.2653 

.2664 

.2663 

.2644 

.2666 

.2634 

8,500 

.2697 

.2716 

.2686 

.2689 

.2675 

.2620 

.2668 

.2676 

.2663 

.2666 

.2678 

.2657 

8.600 

.2719 

.2784 

.2709 

.2710 

.2700 

.2641 

.2687 

.2695 

.2703 

.2689 

'MOO 

.2678 

8,700 

.2740 

.2750 

.2736 

.2725 

.2720 

.2660 

.2710 

.2716 

.2722 

.2714 

.2719 

.2696 

8.800 

.2760 

.2770 

.2762 

.2744 

.2740 

.2663 

.2729 

.2'/37 

.2745 

.2734 

.2739 

.2718 

8,900 

.2777 

.2792 

.2770 

.2765 

.2755 

.2708 

.2749 

.2766 

.2764 

.2761 

.2760 

.2739 

9,000 

.2796 

.2613 

.2793 

.2782 

.2777 

.2729 

.2774 

.2780 

.2782 

.2776 

.2780 

.2769 

9,100 

.2817 

.2631 

.2611 

.2809 

.2800 

.2750 

.2790 

.2800 

.2804 

.2795 

.2801 

.2780 

9,200 

.2834 

.2651 

.2832 

.2828 

.2818 

.2768 

.2610 

.2823 

.2822 

.2813 

.2820 

.2799 

9,300 

.2852 

.2871 

.2849 

.2844 

.2838 

.2787 

.2823 

.2847 

.2840 

.2830 

.2838 

.2817 

9,400 

.2869 

.2690 

.2670 

.2664 

.2855 

.2807 

.2846 

.2861 

.2863 

.2861 

.2868 

.2837 

9,500 

.2887 

.2910 

.2890 

.2877 

.2675 

.2825 

.2867 

.2875 

.2881 

.2670 

.2876 

.2855 

9,600 

.2903 

.2926 

.2906 

.2900 

.2887 

.2646 

.2885 

.2890 

.2897 

.2886 

.'2893 

.2872 

9,700 

.2924 

.2941 

.2921 

.2919 

.2908 

.2865 

.2902 

.2908 

.2919 

.2908 

.2912 

.2891 

9.800 

.2940 

.2957 

.2937 

.2934 

.2930 

.2885 

.2919 

.2926 

.2931 

.2929 

.2929 

.2908 

9,900 

.2966 

.2970 

.2958 

.2946 

.2946 

.2902 

.2934 

.2945 

.2947 

.2944 

.2946 

.2924 

10,000 

.2870 

.2969 

.2974 

.2976 

.2965 

.2918 

.2952 

.2960 

.2960 

.2960 

.2962 

.2940 

10,100 

.2986 

.8005 

.2990 

.2966 

.2976 

.2934 

.2970 

.2972 

.2975 

.2976 

.2977 

.2955 

10.200 

.3001 

.3019 

.3002 

.2996 

.2994 

.2947 

.2967 

.2985 

.2998 

.2990 

.2992 

.2970 

10,800 

.3017 

.3024 

.3020 

.3018 

.3009 

.2962 

.3003 

.3006 

.8016 

.3010 

.3006 

.2986 

10,400 

.3080 

.3046 

.3037 

.3030 

.3026 

.2979 

.3019 

.3021 

.3030 

.3023 

.3024 

.3002 

10,600 

.3046 

.3060 

.8052 

.3049 

.3043 

.2995 

.3035 

.3039 

.3044 

.3039 

.3040 

.3018 

10,600 

.3060 

.3075 

.8068 

.3061 

.8056 

.3016 

.3051 

.3055 

.3069 

.3066 

.8056 

.3034 

10,700 

.3074 

.8093 

.3062 

.3077 

.3070 

.8030 

.3068 

.3069 

.3070 

.3074 

.3071 

.3049 

10,800 

.8088 

.3106 

.3100 

.3090 

.8064 

.3047 

.3083 

.3080 

.3065 

.3066 

.3086 

.3063 

10,900 

.3103 

.3123 

.3115 

.3102 

.3098 

.3059 

.3096 

.3095 

.3100 

.3100 

.9099 

.3077 

11,000 

.8117 

.8186 

.3125 

.8124 

.3112 

.3070 

.3111 

.3110 

.3114 

.3119 

.8114 

.3092 

11,100 

.3130 

.8148 

.3136 

.8132 

.8126 

.3080 

.3126 

.3120 

.3127 

.3130 

.8126 

.3104 

11,200 

.3141 

.3160 

.3164 

.3146 

.3140 

.3095 

.3138 

.3136 

.3144 

.3141 

.3139 

.3117 

11,300 

.3165 

.8174 

.3165 

.3166 

.3163 

.3114 

.3149 

.3149 

.3156 

.3160 

.3163 

.3131 

11.400 

.3170 

.3189 

.3179 

.3170 

.3166 

.3126 

.3169 

.3161 

.3168 

.3174 

.3167 

.3146 

11.500 

.3184 

.3200 

.3191 

.3162 

.3180 

.3140 

.8180 

.3175 

.3180 

.3184 

.3180 

.3156 

11,600 

.8196 

.3216 

.3205 

.3198 

.3192 

.3156 

.3190 

.3188 

.3193 

.3194 

.3193 

.3171 

11,700 

.3206 

.3229 

.3216 

.8216 

.8204 

.3172 

.3200 

.3200 

.3206 

.3209 

.8206 

.3184 

11,800 

.3221 

.3240 

.3233 

.3226 

.3218 

.3166 

.3215 

.3216 

.3219 

.3221 

.3219 

.3197 

11.900 

.8232 

.8250 

.3244 

.3236 

.3233 

.3196 

.3226 

.3230 

.3232 

.3231 

.8209 

12,000 

.8260 

.3269 

.8263 

.8244 

.8244 

.8208 

.3240 

.3289 

.3244 

.3249 

.3243 

.3220 

12,100 

.3254 

.3270 

.3266 

.3256 

.3265 

.3220 

.3260 

.3250 

.3258 

.3267 

.3263 

.3230 

12.200 

.3265 

.3283 

.3277 

.8272 

.8267 

.3232 

.3263 

.3260 

.3267 

.3268 

.8266 

.3242 

12,300 

.3276 

.3296 

.3291 

.3284 

.8278 

.3244 

.3275 

.3273 

.8276 

.3281 

.3277 

.3254 

12,400 

.3269 

.3305 

.3303 

.3294 

.8291 

.3264 

.3287 

.3264 

.3290 

.3294 

.3269 

.3266 

12,600 

.8300 

.3316 

.3312 

.3304 

.8300 

.3265 

.3296 

.3294 

.3300 

.3305 

.3299 

.3276 

12,600 

.3310 

.3327 

.3820 

.3316 

.8811 

.8276 

.3307 

.3306 

.3318 

.3316 

.3310 

.8287 

12,700 

.8820 

.3335 

.3336 

.8327 

.3320 

.3266 

.3316 

.3319 

.3324 

.3328 

.3321 

.3296 

12,800 

.3330 

.3346 

.8846 

.3886 

.8330 

.8297 

.3330 

.3329 

.3336 

.3336 

.3331 

.3306 

12,900 

.3341 

.3356 

.3364 

.8853 

.3841 

.3308 

.3340 

.3338 

.3346 

.3347 

.3343 

.3820 

13,000 

.3861 

.3870 

.3366 

.3868 

.3862 

.3320 

.3353 

.3345 

.3366 

.3359 

.3364 

.3331 

18,100 

.3361 

.3380 

.8876 

.8373 

.3363 

.3330 

.3360 

.8355 

.3370 

.3368 

.3364 

.3341 

13,200 

.3370 

.8390 

.3366 

.3360 

.8373 

.3339 

.3369 

.3369 

.3360 

.3376 

.3873 

.3360 

13.300 

.3860 

.3396 

.3894 

.3389 

.3381 

.3360 

.3378 

.3379 

.3389 

.3383 

.3382 

.3359 

13.400 

.3389 

.3406 

.3408 

.3397 

.8892 

.3369 

.3369 

.3386 

.8396 

.3391 

.3391 

.8368 

13.600 

.3398 

.3418 

.8412 

.3406 

.8401 

.3369 

.3396 

.3396 

.3406 

.3402 

.3401 

.3378 

18,600 

.8409 

.8428 

.8422 

.3416 

.8412 

.3380 

.3406 

.3406 

.3414 

.3414 

.3411 

.3388 

13.700 

.3418 

.3436 

.8431 

.8424 

.3421 

.3390 

.3420 

.3414 

.3423 

.3424 

.3420 

.8397 

13.800 

.8425 

.3446 

.8440 

.3433 

.3481 

.3396 

.3430 

.3424 

.3435 

.3434 

.3429 

.3406 

13,900 

.8436 

.8456 

.3449 

.3442 

.3140 

.8405 

.8439 

.3434 

.3445 

.3444 

.3439 

.3416 

14,000 

.8444 

.8466 

.3466 

.8454 

.8446 

.8417 

.3446 

.3441 

.8466 

.3462 

.8448 

.8425 

14.100 

.8460 

.3472 

.8469 

.3460 

.3465 

.8427 

.3454 

.3451 

.3466 

.3461 

.3467 

.3434 

14,200 

.3468 

.3479 

.3478 

.8470 

.8465 

.8436 

.3463 

.3456 

.3472 

.3469 

.5465 

.3442 

14.800 

.8467 

.3465 

.3469 

.8478 

.3475 

.3444 

.8476 

.3466 

.3483 

.3477 

.8474 

.3451 

14,400 

.8476 

.8493 

.3496 

.3466 

.3463 

.3460 

.3484 

.3476 

.3490 

.3488 

.3462 

.3459 

14.600 

.8464 

.3602 

.3602 

.3491 

.3490 

.3460 

.3492 

.3485 

.8498 

.3496 

.3490 

.3467 

14.600 

.8493 

.8612 

.3510 

.3600 

.3500 

.3470 

.3505 

.3494 

.3606 

.3610 

.3600 

.3477 

14,700 

.8600 

.8623 

.3520 

.3612 

.8610 

.8475 

.8614 

.3502 

.8616 

.3516 

.3609 

.3466 

14.800 

.3606 

.8530 

.3827 

.8521 

.8618 

.3484 

.3622 

.3610 

.3523 

.3524 

.3617 

.3494 

14.900 

.8617 

.3537 

.3635 

.3527 

.3625 

.3490 

.3528 

.3520 

.3629 

.3629 

.3524 

.3601 

15,000 

.8629 

.3645 

.36-14 

.8637 

.3634 

.3498 

.35:16 

.3533 

.3637 

.8540 

.3633 

.3609 
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HELIOAL   8PBINGB. 

Heugal  Springs  for  Gun  Carriages. 
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Compression  tests  of  buffer  springs  for  75-millimeter  R.  F.  moun- 
tain gun  carriage. 

DESCRIPTION  OF  ONE  SPRING. 

Free  height inches..  26,80 

Number  of  coils 46 

Pitch inch..      .«» 

Exterior  diameter inches..    2.06 

interior  diameter —  .do...    1.14 

i^  *j  ^-Interior. 

Dimensions  of  ribbon Mw  ".140 


Height. 

Load  sus- 
tained. 

Remarks. 

First  sprinjr: 

Incha. 

AwTida. 

Finttest 

19.91 
7.83 

120 
400 

6.68 

400 

Spring  jarred. 

9.92 

300 

9.96 

300 

Spring  jarred. 

19.86 

120 

19.38 

120 

Spring  jarred. 

26.73 

0 

Second  test 

19.20 

120 

Testing  attachment  greased. 

16.12 
9.94 
7.00 

200 
800 

Spring  jarred  continuously. 

380 

9.90 

300 

16.10 

200 

19.82 

120 

26.78 

0 

Second  spring: 

FliBttest 

26.80 

0 

Spring  jarred  continuously. 

19.71 
16.02 

120 
200 

10.71 

300 

7.00 

390 

10.00 

300 

14.90 

200 

19.06 

120 

26.70 

0 

Second  test 

19.84 
16.49 

120 
200 

10.42 

300 

7.00 

380 

9.89 

300 

14.86 

200 

18.94 

120 

26.70 

0 

Third    spring,  extra  spring  far- 
nished  with  carriage. 

24.80 

0 

Spring  jarred  continuously. 

20.08 

120 

Preyioualy  tested. 

16.96 

200 

12.88 

300 

8.97 

400 

7.00 

474 

8.49 

400 

12.30 

300 

10.20 

200 

19.80 

120 

24.66 

0 

DIMINSIONS  OF  THIRD  SPRING,  TAKEN  AFTER  TESTING. 

Free  height inches..  24.66 

Number  of  coils 46 

Pitch Inch..      .660 

Exterior  diameter inches..    2.00 

Interior  diameter do —    1.14 

r  )  ^-Interior. 

Dimensions  of  ribbon ".116  ".160 
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HELICAL   SPRINGS. 


Compression  test  of  a  helical  spring  from  a  75-millimeter  R.  F. 
mountain  gun  carriage,  from  Franfcford  Arsenal. 

DESCRIPTION. 

Free  height inchea..  24.93 

Number  of  colls 4S.6 

Pitch Inch..      .609 

Exterior  diameter Inches..    2.10 

Interior  diameter do 1.13 

r  "^  ^-Interior. 

Dimensions  of  ribbon ".109  *'.146 


Height. 

Load  sus- 
tained. 

Remarks. 

Inches. 

Pound*. 

24.93 

0 

Testing  attachment  greased. 

19.05 

120 

Spring  and  testing  attachment  Jarred  continuously  to  reduce  frlctlonal 
resistance. 

15.77 

200 

11.40 

300 

7.20 

400 

7.00 

416 

11.00 

300 

15.17 

200 

18.96 

120 

24.75 

0 

24.79 

0 

After  resting  10  minutes. 

24.50 

oadedlOO 
0 
0 

^Imes,  closed  down  to  a  height  of  7  Inches  and  released  to  zero  each  time. 

After  resting  10  minutes. 

Under  test  the  spring  deflected  laterally  and  bore  against  the  rods  of  the 

19.06 

120 

testing  attachment.    The  frlctlonal  resistance  was  largely  reduced  by 

jarring. 

15.70 

200 

11.08 

300 

7.88 

400 

7.00 

414 

10.75 

800 

15.10 

200 

18.80 

120 

24.50 

0 

18.30 

120 

15.64 

200 

11.15 

300 

7.03 

400 

7.00 

408 

11.57 

300 

15.66 

200 

19.40 

120 

24.48 

0 

24.61 

0 

After  resting  16  hours. 
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Compression  tests  of  helical  springs  furnished  by  The  Wm.  D.  Gib- 
son Company. 
Buffer  springs  for  75-millimeter  R.  F.  mountain  gun  carriages. 

DESCRIPTION  OP  FIRST  SPRING. 

Free  height inches..  82.60 

Number  of  coils 63.76 

Pitch Inch..    .628 

Exterior  diameter IncheH..    2.18 

Interior  diameter do. . .    1. 10 

r  S  4-Interior. 

Dimenidons  of  ribbon ".080  ".110 


Height. 


Load  sus- 
tained. 


Remarks. 


First  spring.. 


Second  spring . 


Inehe8. 
22.  W 
22.16 
6.43 
21.20 
32.38 

82.48 
22.15 
6.40 
21.05 
81.99 


Pounds. 

0 

99 

252 

100 

0 

0 
100 
254 
100 

0 


Closed  down. 

54|  coils. 
Closed  down. 
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Helical  Springs,  Double  Coil,  fob  6-inch  R.  F.  Gun. 
Six  springs  tested. 

DESCRIPTION  OP  ONE  SPRING. 

Outside  coll,  left-hand  spring: 

Exterior  diameter Inches. .    4. 90 

Diameter  ol  bar '. do. . .      .69 

Height  of  spring  unloaded do...  21.80 

Distance  between  coils do. . .      .75 

Weight 21  pounds  6  ounces. 

Inside  coil,  right-hand  spring: 

Exterior  diameter Inches..    8.40 

Diameter  of  bar do...     .50 

Height  of  spring  unloaded do...  20.00 

Distance  between  coils do...     .40 

Weight 11  pounds  1.6  ounces. 


First  spring: 
Outside  coil  . 


Inside  coil. 


Height. 


Tnehes. 
16.62 
15.50 
10.78 
15.60 
14.70 

15.50 


Load  sus- 
tained. 


Pounds. 
1,650 
1,740 
3,400 
1,470 
1,650 

•800 


Outer  and  inner  coils  assembled  and  tested  together. 

16.60    I      2, — 


Remarks. 


11.09 
16.60 
14.57 


4,400 
2,060 
2,460 


Closed  down. 


Sprung  out  of  line  so  that  it  could 
not  be  closed  down. 


Closed  down. 


In  the  following  tests  the  out<?r  and  inner  coils  were  assembled  and  tested  together. 
Se<;ond  spring , 


Thinl  spring  . 


Fourth  spring . 


Fifth  spring . 


Sixth  spring. 


15.50 
11.09 
14.95 
16.50 

16.60 
10.89 
14.76 
15.50 

15.50 
10.94 
14.85 
16.60 

16.87 
16.50 
10.94 
16.43 
15.50 

16.60 
15.50 
10.61 
14.65 
15.60 


2,450 
4,600 
2.4.50 
2,180 

2,430 
4,550 
2,450 
2,160 

2,340 
4,600 
2,4.'iO 
2,070 

2,460 
2,640 
4,700 
2,450 
2,390 

2,450 
2,600 
4,600 
2,460 
2,110 


Closed  down. 


Closed  down. 


Closed  down. 


Closed  down. 


Closed  down. 
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Counter  Reooil  Springs  for  7-Inch  Mortar  Carriages. 

COMPARISON  OF  OLD  AND  NEW  STYLES  OF  SPRINGS. 

NUMBER  AND  WEIGHT  PER  CARRIAGE. 


Style. 

Number 

for  a 
carriage. 

Weight. 

Each. 

Total. 

Old : 

10 
4 

Pounds. 
8.75 
18 

Pounds. 
87.6 
72 

New : 

DIMENSIONS. 


Style. 

Sijse  of  wire. 

DlametenR. 

Distance 

between 

coils. 

Number 
of  coils. 

Height. 

Exterior. 

Interior. 

Old 

".56  by  ".75 
".68dlam. 

I7u:hes. 
4.48 
6.00 

Inches. 
2.98 
8.68 

Inch. 
.66 
.84 

7 
18* 

Inches. 
7.1± 
18. 5± 

New 

SPECIFICATIONS,  NEW  SPRINGS. 

OntBide  diameter  of  springs inches..    5.      ±0.06 

Inside  diameter  of  Bprinss do...    S.6254i0.06 

Height  when  compreased  solid,  not  over do . . .    9.5 

Height  when  loaded  with  1,200  pounds,  not  less  than do. . .  16. 

Height  when  free,  about do...  18.325 

Each  spring  to  consist  of  a  single  coil  of  round  bars  and  to  be  closed 
down  solid,  and  to  remain  thus  for  sixty  hours,  at  the  end  of  which 
period  it  shall  fulfill  the  requirements  stated  above.  The  temper  to  be 
drawn  from  the  thin  ends  m  each  spring  to  obviate  brittleness. 
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HELICAL    SPRINGS. 


Compression  Tests  of  Three  Old  Springs  from  7-inch  Mortar 

Carriages. 


DESCRIPTION  OF  FIILST  SPRING. 

7  right-hand  coUb  of  rectangular  croas  nection. 

Size  of  wire inch..  .d5  by  .76 

Outride  diameter  of  coil inche«..  4.48 

Inside  diameter  of  coil do...  2.98 

Distance  between  coila inch..  .66 

Weight 8  poonds  12  ounces 


FiretHpring  . 


Second  spring . 


Third  spring  . 


Height. 

Load. 

Remarks. 

Inches. 

Pound*. 

6.98 

0 

5.92 

1,200 

5.72 

1,420 

4.01 

3,700 

Closed  down. 

5.72 

1,280 

5.82 

1,200 

6.96 

0 

5.90 

1,200 

5.72 

1,380 

4.01 

3,500 

Closed  down. 

5.72 

1,270 

5.79 

1,200 

6.95 

0 

7.12 

0 

5.98 

1,200 

5.72 

1,480 

4.03 

3,600 

Closed  down. 

5.72 

1,330 

5.85 

1,200 

7.10 

0 

5.94 

1,200 

6.72 

1,430 

' 

4.08 

3,600 

Closed  down. 

5.72 

1,320 

5.84 

1,200 

7.09 

0 

6.97 

0 

5.94 

1,200 

1 

5.72 

1,460 

4.11 

3,600 

Closed  down. 

5.72 

1,340 

5.83 

1,200 

6.96 

0 

5.92 

1,200 

5.72 

1,430 

^ 

4.11 

3,600 

Closed  down. 

5.72 

1,820 

5.82 

1,200 

6.96 

0 

HELICAL   SPRINGS. 
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Heugal  Springs,  Double  Coil,  for  10-inch  Mortar  Carriages. 
From  lot  of  12  springs  received  January  25, 1902. 


DESCRIPTION  OF  ONE  SPRING. 

Outside  ooil,  6  colls,  left-h&nd  spring: 

Exterior  diameter Inches..    9.10 

Interior  diameter do...    5.60 

Diameter  of  1)ar do...    1.75 

Height  of  spring  unloaded do...  14.61 

Distance  between  coils do...    1.00 

Weight 86  iMunds  8  ounces 

Inside  coil,  8  colls,  right-hand  spring: 

Exterior  diameter inches..    5.56 

Interior  diameter  ..' do...    8.06 

Diameter  of  bar do...    1.25 

Height  of  spring  unloaded do...  18.41 

Distance  between  coils do...      .61 

Weight 34  pounds  8  ounces 


First  spring  . 


Second  spring . 


Third  spring . 


xT„i„v.»    Loadsus- 
Helght.      j^^^^ 


Fourth  spring . 


Fifth  spring . 


InchCB. 
12.25 
12.22 
9.75 
9.70 
9.75 
11.90 
12.26 

12.25 
12.12 
9.75 
9.59 
9.75 
11.78 
12.25 

12.26 
12.18 
9.75 
9.67 
9.75 
11.75 
12.26 

12.26 
12.20 
9.76 
9.72 
9.75 
11.82 
12.25 

12.25 
12.25 
9.75 
9.68 
9.75 
11.98 
12.25 


Poundt. 
17,800 
18,000 
46,000 
48,200 
45,200 
18,000 
18,700 

16,500 
18,000 
44,400 
47,200 
43,700 
18,000 
13,000 

16,700 
18,000 
45,400 
48,400 
44,700 
18,000 
12,900 

17,600 
18,000 
46,800 
46,700 
45.400 
18,000 
18,200 

18,000 
18,000 
47,800 
48.800 
47,200 
18,000 
13,600 


Remarks. 


Closed  down. 


Closed  down. 


Closed  down. 


Closed  down. 


Closed  down. 


Loaded  100  times,  compressing  to  10'>'.26  height  and  returning  to  12^.25  height  each  Ume, 
after  which  the  results  were  as  follows: 


Closed  down. 


Spring  now  closed  down  and  so  remained  for  a  period  of  20  hours,  after  which  the  results 
were  as  follows: 


12.26 

16,400 

12.04 

18,000 

9.76 

44,600 

9.68 

48,700 

9.76 

43.900 

11.90 

18,000 

12.26 

14,500 

12.25 

16,600 

12.16 

18,000 

9.76 

46,700 

9.67 

48,400 

9.75 

46,400 

11.90 

18.000 

12.25 

14.500 

Closed  down. 
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Supplementary  Tests  of  Helical  Springs,  Double  Coil,  for  10- 
Inch  Mortar  Carriages. 

From  lot  of  12  springs  received  January  25,  1902. 


Height. 

Ixiad  sus- 
tained. 

ReDoutrks. 

Inches. 

Pounds. 

First  spring 

12.25 

17,200 

Free  height  before  test: 

Outride  coil. . .incheH. .  14.84 

12.18 

18,000 

9.75 

46,300 

Iiwidecoil do...  18.35 

9.68 

49,700 

Closed  down. 

9.75 

46,900 

11.87 

18,000 

12,25 

14,000 

9.75 

46,200 

12.26 

15,400 

9.76 

46,200 

Tree  height  after  test: 

Outride  coil . .  .inches. .  14.30 

9.67 

49,800 

Closed  down. 

9.76 

4.5,800 

Inside  coiJ do...  13.86 

12.26 

13,700 

First  spring  (test  repeated) 

12.25 

16,700 

Free  height  before  test: 

Outride  coil . .  .inches. .  14.80 

12.12 

18,000 

9.75 

46,100 

Inridecoil do...  13.85 

9.67 

49,700 

Closed  down. 

9.76 

45,600 

11.84 

18,000 

12.25 

13,700 

9.75 

46,000 

12.25 

14,100 

9.75 

46,100 

Free  height  after  test: 

Outside  coil... inches..  14.28 

9.67 

49,700 

Closed  down. 

9.75 

45,900 

Inside  coil do...  13.35 

12.25 

13,600 

Third  spring 

12.25 

17,100 

Free  neight  before  test: 

Outside  coil... inches..  14.13 

12.18 

18.000 

9.75 

46,200 

Inridc  coil do . . .  13. 42 

9.63 

48,800 

Closed  down. 

9.75 

44, 500 

11.78 

18,000 

12.25 

12,900 

9.75 

45,400 

12.25 

13,000 

9.75 

44,  WO 

Free  height  after  test: 

Outside  coil. .  .inches. .  14. 09 

9.63 

49,800 

Closed  down. 

9.76 

45, 100 

Inride  coil do. . .  13. 85 

12.25 

12,600 

Third  spring  (test  repeated) 

Free  neignt  before  te«t: 

Outside  coil . .  .inches. .  14. 09 

12.25 

15,900 

12.06 

18,000 

9,76 

44.900 

Inridecoil do...  13.36 

9.68 

48,800 

Closed  down. 

9.75 

43.800 

11.77 

18,000 

12.25 

12,800 

9.76 

44,400 

12.26 

12,400 

9.76 

44,800 

Free  height  after  test: 

Outside  coil. .  .inches. .  14. 0^ 

9.64 

48,500 

Closed  down. 

9.75 

43,600 

Inridecoil do...  13.32 

12.25 

12,400 

HELICAL   8PBIN0S. 
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Supplementary  Tests  of  Helical  Springs,  etc. — Continued. 

SPRINO  COMPRESSED  PROM  HEIGHT  OF  12*.25  TO  1(K'.26  100  TIMES. 

Third  sprinijr: 

Free  heiffht  before  oompresafng  100  tlmeH— 

Oatndecoll inches..    14.05 

Inside  coil do...    13.82 

Fint  oomprenion — 

Load  at  12«'.26 pounds..  15,100 

Load  at  10^.25 do...  88,500 

One  hundredth  compression— 

Load  at  12^.25 do...  12,900 

Load  at  10^.26 do...  88,200 

Free  height  after  oompresslng  100  times— 

Ontidde  col  1 inches . .    14. 05 

Inside  coil do...    18.81 

AFTER  BEING  COMPRESSED  FROM  12«'.26  TO  10^.25  100  TIMES. 


Height. 

Load  sus- 
tained. 

Remarks. 

Inches. 

Pounds. 

Third  spring 

12.25 

15,100 
18,000 

12.06 

9.75 

44,400 

9.68 

48,700 

Closed  down. 

Free  height  after  test: 
Outride  coil  ..inchps. 

9.75 

48,700 

14.04 

11.76 

18,000 

Inside  coU do.. 

13.81 

12.25 

12,600 

Fifth  ipprlng  . .  ^ 

12.25 
12.17 

17,000 
18.000 

Free  heiStit  before  test: 
Outadecoll  ..Inches. 

14.05 

9.67 

48,500 

Closed  down. 

Inside  coil do.. 

13.48 

11.90 
12.25 

18,000 
14,000 

9.67 

48,400 

Closed  down. 

11.88 

18,000 

12.26 

13,700 

Freeheiflrht: 

Outndecol]  ..inches. 

14.08 

12.25 

16,500 

Inside  coil do.. 

18.44 

12.14 

18,000 

9.67 

48,700 

Closed  down. 

11.89 

18,000 

12.25 

14,200 

9.67 

48,700 

Closed  down. 

11.87 

18,000 

12.25 

13,800 

Freehelffht: 

Ontddecoil  ..inches. 

14.01 

12.25 

16,400 

Inside  coU do.. 

18.48 

11.60 
12.25 
11.00 
12.26 
10.60 

25,600 
16,100 
31,400 
15,400 
87,200 

Free  helf ht  aftpr  test: 
Ontsideooil  ..inches. 

12.25 

16,100 

14.01 

10.00 

43,000 

Inside  coil do.. 

.  18.48 

12.25 

14,800 

Additional  tests  were  made  on  spring  No.  5.  After  resting  without 
load  a  period  of  4  days  the  spring  was  returned  to  the  testing  machine. 
When  again  loaded  it  sustained  17,000  pounds  at  a  height  of  12".  25, 
against  18,000  pounds  at  the  commencement  of  the  original  test  and 
14,500  pounds  at  the  same  height  at  the  close  of  the  first  test. 

Pounds. 
In  the  present  instance,  after  closing  down,  the  load  sustained  on  the  return  movement  was.  14,  OOQ  (a) 

Alter  ck)sed  down  a  second  time 18,70a(6) 

Load  released  to  sero,  then  again  loaded 16, 500 

Closed  down  and  returned 14,200  (a) 

Closed  down  again  and  returned 18,800  (6) 

H.  Doc-  886 7 
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The  conditions  of  the  tests  were  similar  in  instances  (a)  (a),  and  like- 
wise in  {b)  (b),  and  it  is  seen  that  the  loads  sustained  are  practically 
alike  in  each  of  the  two  of  the  same  ^roup. 

The  spring  was  again  completely  unloaded  and  compressed  succes- 
sively increased  amounts. 

It  is  now  shown  that  the  load  sustained  by  the  spring  at  12".  25 
height  is  as  follows: 

Ponndfl, 

First  application  of  load 16, 400 

After  compressing  to  ll'^.SO  height 16,100 

After  compresidng  to  ir'.OO  height 16,400 

After  comprefldng  to  10^.60  height 16,10) 

After  compreBdng  to  10^.00  height 14,800 

thus  showing  a  gradual  decrease  in  sustaining  power,  due  to  the  man- 
ner of  loading. 


CAST  IRON  SHELL,  12-INCH  MORTAR. 


COMPRESvSIVE  MOVEMENT   OF  BASE  PLUG  AISTD 
DIAMETRICAL  EXPANSION  OF  SHELL. 


9» 
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OA8T-IBON   SHELL,  12-IirOH  MOBTAR. 
CAST-IRON   SHELL,    12-INOH  MORTAR. 
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COMPRESSIVE  MOVEMENT  OF  BASE  PLUG, 
READINGS  TAKEN  ON  BREECH  PLUG  2%"  FROM  CTRCITMPERENCE  OF  SHELL. 


Longitu- 

^ssf 

dinal 
compres- 

Remarks. 

sion. 

^ 

Pwmd: 

Inchn. 

6.000 

0. 

Initial  load. 

10,000 

0. 

20.000 
40,000 
60.000 

.0003 
.0013 
.0028 

Movement  took  place  in  an  inward  direction,  longitudinally. 

100,000 

.0040 

150.000 

.0049 

200,000 

.0066 

250.000 

.0000 

* 

800.000 

.0064 

400.000 

.0070 

600.000 

.0076 

000,000 

.0064 

700.000 

.0091 

800,000 

.0096 

5.000 

.0038 

102  0A8T-IBON  SHELL,  12-INOH  MOBTAB. 

COMPRESSIVE  MOVEMENT  OF  BASE  Pi f/f?— Continued. 
READINGS  TAKEN  ON  BREECH  PLUG  2j^  FROM  CIRCUMFERENCE  OF  SHELL-Ciontinued. 


Longitu- 

Yosr 

<^al 
compres- 
sion. 

Remarks. 

Pmrndt, 

Incku. 

800,000 

.0090 

5,000 

,0034 

Shell  removed  from  the  testing  machine  and  examined.    Breech  plug  indented,  that  part 
of  surface  acted  upon  by  loading  fixture  A"  diameter,  ".  04.    The  end  surface  of  the  plug  was 
found  concaved  ".  03  in  addition  to  the  *.  04  indentation.    A  spanner  was  applied  and  a  slight 
gain  obtained  on  the  screw  thread  of  the  plug.    Shell  returned  to  the  testing  machine,  and 

observations  on  the  same  gauged  length  repeated  as  before. 
5,000       0.           1  Initial  load. 

800,000 

.0070 

5,000 

.0011 

800,000 

.0070 

5,000 

.0012 

READINGS  TAKEN  ON  THE  BASE  OF  THE  SHELL  IJ"  FROM  CIRCUMFERENCE. 


5,000 

0. 

800,000 

.0012 

5.000 

0. 

800.000 

.0012 

5,000 

0. 

800,000 

.0012 

5,000 

0. 

DIAMETRICAL  EXPANSION  OF  SHELL. 

READINGS  TAKEN  ON  DIAMETER  AT  THE  REAR  OF  THE  BAND,  MIDWAY  BASE  AND  BAND. 


Applied 
loads. 

Pounds. 

5,000 
800,000 

5,000 
800,000 

5,000 

Diamet- 
rical 

expan- 
sion. 

Remarks. 

Inches. 

0. 
—.0006 

0. 
—.0006 

0. 

Initial  load. 

ON  DIAMETER  i»  IN  FRONT  OF  BAND. 


5,000 

0. 

Initial  load. 

800,000 

.0037 

5,000 

0. 

800,000 

.0036+ 

5,000 

0. 

ON  DIAMETER  61"  IN  FRONT  OF  BAND. 


5,000 

0. 

Initial  load. 

800.000 

.0019 

5,000 

0. 

800.000 

.0019 

5,000 

0. 

ON  DIAMETER  10*"  IN  FRONT  OF  BAND. 


5,000 

0. 

Initial  load. 

800,000 

.0013 

5,000 

0. 

800.000 

.0014 

5,000 

0. 

INITIAL   STRAINS   IN    16-lNCH    CAST-IRON   SHOT. 
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Initial  Strains  in  16-inch  (^ast-Iron  Shot. 

Initial  tension  ring  and  tensile  tests  from  riser  of  a  16-inch  cast-iron 
solid  shot. 
Dimensions  of  riser: 


Diameter 
Length .. 


Inches. 
!!'  24. 


SI 


Exterior  of  riser,  at  the  end  next  to  the  shot,  turned  down  to  15".96 
diameter  for  a  length  of  6  inches.  An  initial  tension  ring  taken  from 
the  turned  end  of  the  riser,  measured  while  the  riser  was  intact,  and 
again  after  the  ring  was  detached. 


KlMr. 


, 

%  : 

1 

^*-! 

•< 

*•  •  • 

• 

n\ 

« 

lO       1 

.r.-  -JS 

24:5 


I 

^  o 


Inxliml  Atntlon  rinf 


V* 


Measured  on  diameters  A  and  B: 


Condition  of  ring. 

Diameters. 

A. 

B. 

Mean. 

Riaer  intact 

Inches. 
15.9601 
16.9688 

Inches. 
15.9600 
15.9606 

Inches. 
16.96005 
15.9697 

Ring  detached  . . 

Strains  released  and  computed  stress: 


Condition  of  ring, 


Strains  released,  diameters. 
A.  B. 


Detached. 


IneJL 
-.0018 


Inch. 
+.0006 


Mean. 


Corre- 
sponding 
stress. 


Inch. 
-.00085 


Lbs.  per  »q. 
in.ientlon. 
400 
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Assumed  modulus  of  elasticity,  18,000,000  pounds  per  square  inch. 

The  detached  ring  was  subsequently  cut  apart  radially,  whereupon 
the  ends  opened  ".0t9,  showing  the  relief  of  residual  strains,  tension 
at  the  exterior,  compression  at  the  interior,  which  did  not  find  com- 
plete relief  when  the  ring  was  detached  from  the  body  of  the  casting. 


TENSILE  TESTS. 


No.  of 
test. 

TensUe 
strength 

per 
square 

inch. 

Fracture. 

Specific 

gTETity. 

6756 
6767 
6758 

Poundt. 
22,190 
28,400 
24,820 

Coarse  granular,  gray 

Tangential 

Fine  and  coarse  granular,  gray 

do 

7.164 
7.148 

Rjidlal 

HYDROSTATIC  TESTS  OF  TWO  GUN  HOOPS. 


No.  1709S  BS,  A  STREAKED  HOOP. 
No,  17959  R4.  AN  VN8TREAKED  HOOP. 


105 


HYDROSTATIC   TESTS,    GUN   HOOPS. 

Material  Tested  and  Methods  Employed. 


107 


Two  hoops,  one  originally  intended  for  a  10-inch  A3  hooj),  the  other 
a  10-inch  A2  hoop,  of  streaked  and  unstreaked  metal,  respectively,  were 
tested  to  destruction  bv  means  of  interior  hydrostatic  pressures.  The 
hoops  were  finished  tor  testing  to  the  shape  and  aimensions  here 
shown: 


The  walls  at  the  central  part  of  each  hoop,  for  a  length  of  15  inches, 
were  one-half  inch  thick.  Flanges  were  left  on  the  ends  to  reenforce 
the  strength  of  the  hoop  over  the  hydraulic  packings. 

The  testing  was  done  with  a  fixture  consisting  of  a  body,  flanged  at 
the  lower  end,  over  which  the  hoop  was  placed,  and  surmounted  by  a 
cap  bolted  to  the  body.  An  annular  space,  ".75  wide  on  a  side,  existed 
between  the  interior  surface  of  the  hoop  and  the  exterior  surface  of 
the  body,  which  space  contained  the  hydraulic  packings.  The  end 
thrust  of  the  packings  was  resisted  by  the  flange  at  the  bottom  of  the 
body  in  one  direction  and  by  the  cap  in  the  other.  Communication 
was  established  between  the  annular  space  and  the  testing  machine 
through  hydraulic  piping,  and  the  straining  of  the  hoop  was  effected 
by  admitting  oil  or  water  under  gradually  increasing  pressures. 

A  caliper  arm  carrying  micrometer  points  was  mounted  opposite  the 
middle  diameter  of  the  hoop  under  test,  and  observations  taken  on 
the  expansions  and  permanent  sets  acquired  by  the  application  of 
advancing  pressures  and  their  release.  At  pressures  2,000  and  3,000 
pounds  per  square  inch  below  the  elastic  limits  of  the  streaked  and 
unstreaked  hoops,  respectivelv,  the  loads  were  applied  and  released 
600  times  with  each  hoop.  Thereafter  the  pressures  were  gradually 
increased,  passing  the  elastic  limits  of  the  material  and  approaching 
the  limit  of  rupture. 

There  were  interruptions  during  the  final  stages  of  the  tests,  once 
with  the  streaked  hoop,  several  times  with  the  unstreaked  one,  when 
it  was  necessary  to  machine  the  flanges  or  modify  the  testing  fixture 
to  compensate  for  the  distortion  of  the  test  piece.  The  distortion 
finally  became  so  great  with  the  unstreaked  hoop  as  to  require  the  use 
of  staves  and  a  retaining  band  acting  against  the  flanges  to  restrict 
further  longitudinal  contraction  of  tne  hoop,  which  otnerwise  naight 
have  gone  beyond  the  compensating  limits  of  the  fixture.  Tnis 
occurred  when  the  indications  of  the  test  were  that  a  close  approach 
to  the  ultimate  strength  of  the  material  had  been  reached,  a  stress 
considerably  in  excess  of  the  strength  of  the  tensile  specimens  having 
been  applied.    Circumferential  extension  was  not  opposed  by  the 

f>Tesence  of  the  staves  excepting  indirectly  by  the  restriction  of 
ongitudinal  contraction  of  the  hoop  as  a  whole. 
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The  minimum  values  shown  in  the  specimen  tests  of  the  physical 
qualities  found  in  the  specimens  were  as  follows: 


Elastic 
limit 
per 

square 
inch. 


I 


PoufuU. 

Streaked  hoop |    64,000 

Unfltreaked  hoop ;    56,000 


Tensile 
inch.    I 


Pounds. 
102,400 
110,000 


Percent. 
16.0 
12.0 


Contrac- 
tion. 


Percent. 
38.8 
86.2 


CHEMICAL  ANALYSIS  OF  STREAKED  HOOP. 


Carbon. 

Man«ra- 
nese. 

Silicon. 

Sulphur. 

Phos- 
phorus. 

PercmL 
.640 

Percent 
.792 

Percent 
.277 

Percent. 
.022 

Percent. 
.022 

General  Results  of  the  Tests. 


E^h  hoop  endured  a  stress  2,000  and  3,000  pounds  per  square  inch, 
respectively,  below  the  elastic  limit,  repeated  600  times,  without  sen- 
sible permanent  set  in  diameter.  The  elastic  limit  of  each  hoop  under 
hydrostatic  test  coincided  with  the  minimum  value  found  in  the  speci- 
men tests  of  the  metal. 

In  ultimate  bursting  strength  the  streaked  hoop  showed  a  defi- 
ciency over  the  specimen  tests;  the  unstreaked  hoop  showed  an  excess 
in  strength  over  the  specimen  tests.  The  numerical  values  obtained 
were  as  follows: 


hydrostatic  tests. 


Elasticlimit 

U  Itlmate  strength 

Elongation  (circumferential) percent.. 


Hoop. 


Streaked 

per  square 

incn. 


Pounds. 

54,000 

91,061 

8.92 


Unstreaked 

perscmare 

inch. 


Pounds. 

66,000 

125,889 

18.6 


In  circumferential  elongation  the  relation  of  the  hydrostatic  to  the 
specimen  tests  was  similar  to  the  results  on  ultimate  strength.  There 
was  a  deficiency  of  elongation  displayed  by  the  streaked  hoop;  an 
excess  of  elongation  dispGiyed  by  the  unstreaked  hoop  with  reference 
to  the  specimen  tests  of  the  metal. 
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From  the  original  thickness,  ".50,  the  walls  of  the  streaked  hoop 
drew  down  to  ''.483  at  the  fractured  edge,  and  the  unstreaked  hoop 
drew  down  to  ".436,  the  contraction  in  the  thickness  of  the  two  hoops 
was  therefore: 


streaked  hoop 

Unstreaked  hoop . 


Contraction 

at  fractured 

edge. 


Inch. 
.017 
.OM 


The  character  of  the  fractured  surface  in  each  hoop  was  gipnular, 
radiating  from  the  incipient  point. 

The  line  of  fracture  in  the  streaked  hoop  had  its  origin  at  the  prin- 
cipal streak  of  the  exterior  surface,  an  interrupted  line  of  alternate 
seamy  and  sound  metal  4^  inches  long  by  0.16  inch  deep  in  an  obliaue 
direction  at  its  maximum.  This  and  other  streaks  in  the  hoop  gradu- 
ally increased  in  prominence  as  the  interior  pressures  advancea  ^yond 
the  elastic  limit  of  the  metal. 

The  unstreaked  hoop  f I'actured  along  an  element  not  previously 
characterized  by  any  unusual  local  appearance  of  the  metal. 

COIAPARISONS  OF  THE   RESULTS  AND  CONCLUSIONS   REACHED. 

(1)  The  elastic  limits  of  the  hoops  possessed  the  values  indicated  by 
the  specimen  tests. 

(2)  Each  hoop  successfully  endured  500  repetitions  of  a  load  closely 
approaching,  but  within  the  elastic  limit  of  tne  metal. 

(3)  The' presence  of  streaks  exerted  a  marked  influence  on  the  ulti- 
mate strength  and  elongation  of  the  metal. 

(4)  The  actual  bursting  strength  of  the  unstreaked  hoop  was  34,838 
pounds  per  square  inch  above  that  of  the  streaked  one,  or  corrected 
for  the  aifference  in  the  specimen  tests  of  the  metal  the  above  became 
27,238  pounds  per  square  inch.  Under  the  corrected  figures  the 
strength  of  the  streaked  hoop  is  77  per  cent  that  of  the  unstreaked. 

(5)  Compared  with  their  respective  tensile  specimens  the  following 
values  appear:  Streaked  hoop,  deficiency  in  strength,  11,349  poundb 
per  square  inch;  unstreaked  noop,  excess  in  strength,  15,889  pounds 
per  square  inch;  the  streaked  hoop  has  88.9  per^cent  the  strength  of 
the  specimen  test;  the  unstreaked  hoop  ha^  114.1  per  cent  the  strength 
of  the  specimen  test. 

(6)  The  elongation  of  the  streaked  hoop  waa  26.1  per  cent  that  of 
the  specimen  test;  the  elongation  of  the  unstreaked  noop  was  154.1 
per  cent  that  of  the  specimen  test. 

(7)  The  excess  in  strength  and  elongation  of  the  unstreaked  hoop 
over  the  specimen  test  is  attributed  to  the  reinforcing  influence  of  the 
flanges  of  the  hoop. 

{S)  The  deficiency  in  strength  and  elongation  of  the  streaked  hoop 
over  the  specimen  test  is  attributed  to  the  pi*esence  of  streaks  in  the 
metal. 
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Details  o    Tests. 


HYDROSTATIC  TEST  OF  STREAKED  HOOP  17093  B3.    ORIGINALLY  A  10*  A3  HOOP. 

I 


28!  1 
29 '.1 


Expansion  of  the  hoop  measured  at  the  middle  of  its  length  on  one 
diameter. 


Interior 

pressure 

per  square 

inch. 


Pounds. 

173 

346 

518 

691 

864 

1,037 

1,209 

1,382 

173 


Fiber  stress  |  Expansion  I 
per  square  in 

inch.      1  diameter.  I 


Remarks. 


Pminds. 

5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 

5,000 


Inch. 
0. 

.oaM 

.0098 
.0150 
.0195 
.0234    I 
.0283    ' 


Initial  load. 


Hoop  rested  12  days.    Pressures  maintained  ranging  from  200  to  600  ixtunds  per  square  inch. 
0. 


173 
1,382 

173 
1,382 
1,555 
1,728 

173 

173 
1,797 

173 
1,797 

173 
1,797 

173 
1,797 

173 
1,797 

173 
1,797 

173 

173 
1,797 

173 
1,797 

173 

173 
1,866 

173 
1,935 

173 
2,004 

173 
2,078 

173 


2,142 
173 

2,211 
173 

2,280 
178 
178 


5,000 
40,000 

5,000 
40,000 
45,000 
50,000 

5,000 

5,000 
52,000 

5,000 
62,000 

5,000 
52,000 

5,000 
62,000 

5,000 
52,000 

5,000 
52,000 

6,000 

5,000 
52,000 

5,000 
52,000 

5,000 

5,000 
54,000 

5,000 
56,000 

5,000 
58,000 

5,000 
60,000 

5,000 


62,000 
5,000 

64,000 
6,000 

66,000 
5,000 
5,000 


.0342 
.0002 
.0337 
.0391 
.0455 
.0003 
.0040 


.0040 
"6646" 


.0020 
.0646' 


.0040 
.0025 


•  .0026 


.0040 
.0051 


.0061 


.1784 
'.'2226" 


.2660 
.'3066* 


.8496 


Micrometer  reading  after  resting  1  hour. 

Applied  25  times. 

Applied  25  times. 

Applied  50  times. 

Applied  100  times. 

Applied  33  times. 

Micrometer  reading  after  resting  over  night. 
Applied  67  times. 

Applied  200  times. 

Micrometer  reading  after  resting  1  hour. 
Elastic  limit. 


Enlargement  of  hoop  most  marked  along  zones  &'  and  12'' 
from  one  end.  N.  &  S,  diam.  ".016  larger  than  E.  &  W. 
diameter. 

Seams  opened  perceptibly  In  3  places. 


Micrometer  reading  after  resting  overnight.     Photo- 
graphed principal  seam. 
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Details  of  Tests — Continued. 


Ill 


Interior 
preasuie 

Fiber  strets 

Expansion 

in 
diameter. 

Remarks. 

Poundt.       PoundB. 
2,349           68,000 

178            6,000 
2,419           70,000 

178             6,000 
2,488           72,000 

178             6,000 
2,667           74,000 

178             6,000 
2,626           76,000 

Inch, 

Pressure  momentarily  reached. 

.3907 

.4378 

.4910 

.6461 

17a             6,000 
2,695           78,000 

.58ii 

173             5,000 
2,764           80,000 



.6500 

178             6,000 
8,244            I».88a 

.7222 

Exterior  diameter  at  middle  of    length,  30". 27.     Maximum  and 
minimum  diameters,  ".077  difference. 

Packing  at  lower  end  blew  out  a  distance  of  12"  on  the  circumference. 
Hoop  removed  from  the  testing  attachment  and  measured  as  follows: 

f  28: 07  Max.    ) 
* (  2e'.02  Min.    /        


T 


ri3 


*^      /30.28  Max.  r 
S:P|      bo:i8  Min.  J 


i 


Diameters  at  middle  of  length,  30". 28,  maximum;  30".  18,  minimum. 
Original  exterior  diameter,  called,  29.101;  hence  elongation  of  metal 
is  3.88  per  cent. 
Streaks  plainly  risible  on  the  exterior  cylindrical  surface  measured: 
Principal  streak  along  which  rupture  subsequently  occurred. 


<  ".  65  > 


".  93      > 


<  ".75   > 


<    ".80    > 


<".  35>  <".  30>  <".  55> 

Detached  streaks,  scattered  over  sui'face. 

<",  35>  <".  27>    <".  40>      <".  35>      <  ".  60 

Streak  second  in  extent. 


<".  15><".  35><".  33> 


<".  40> 


<".25>  <".25><".55> 
The  streaks  which  were  sciittered  over  the  interior  surface  measured: 


:".  50>  <".  38><".  25>     <".  25>     <".  35>  <".  12>  <".  27  > 


<'.15><".15> 


<".  25> 
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Streaks  on  the  inside  were  not  abreast  those  visible  on  the  outside 
of  the  hoop.    The  several  streaks  acauired  greater  prominence  after 

f)ressures  were  applied  which  strainea  the  metal  beyond  the  elastic 
imit.  Prior  to  the  application  of  such  pressures  the  general  surface 
of  the  hoop  was  smootn,  and  apparently  so  remained  up  to  the  time  of 
reaching  the  elastic  limit.  Unaer  higher  interior  pressures  a  roughness 
appears  at  the  streaks,  the  metal  on  one  side  rising  slightly  above 
the  general  surface,  opening  fissures  which  dipped  obliquely,  some  in 
one  direction  and  some  in  the  opposite  way.  After  the  iracture  of  the 
hoop  it  was  found  that  the  metal  at  the  principal  streak  was  affected 
for  a  distance  of  about  ".15,  penetrating  to  a  depth  of  ".04±. 

In  the  principal  streak  and  also  in  three  other  cases  there  were 
sections  oi  continuous  metal  between  ends  of  open  cracks.  All  of  the 
streaks  here  referred  to  were  of  the  type  in  which  continuity  of 
the  metal  is  wanting;  that  is,  they  were  seams  existing  in  the  steel. 
In  addition  to  those  measured,  there  were  others  of  a  less  pronounced 
order  which  were  not  sensibly  affected  by  stresses  above  the  elastic 
limit  of  the  steel.  There  were  faint  nebulous  patches  occasionally 
found — clusters  of  minute,  irregular-shaped  cavities. 

TEST  OP  HOOP  BESUHED. 

The  flanges  were  chamfered,  now  measuring  1".42  in  length  at  outer 
edge.  Connections  made  witn  high-pressure  auxiliary  cyfinder.  Di- 
ameter of  piston,  3".  37;  sectional  area,  8".  92. 

Hoop  rtiptured  under  load  of  28,100  pounds  on  piston  of  auxiliary 
grlinder.  wnich  gives  3,150  pounds  per  square  inch  interior  pressure. 
Keferrea  to  the  original  dimensions  of  the  hoop,  the  fiber  stress  cor- 
responding to  the  interior  pressure  is  91,051  pounds  per  square  inch. 
This  stress  is  regarded  as  the  morie  reliable  value  of  the  strength  of 
the  metal  than  the  load  previously  mentioned  as  momentarily  reached. 
A  longitudinal  line  of  rupture  developed,  passing  through  the  princi- 
pal streak  of  the  exterior  surface  of  the  hoop,  being  the  same  line  of 
streaked  metal  most  prominent  throughout  the  test,  and  shown  by 
the  photograph  taken  after  the  application  of  66,000  pounds  per 
square  inch  fiber  stress. 

The  line  of  fracture  of  the  hoop  began  about  midway  the  length  of 
the  streaked  section,  or  5". 6  from  one  end  of  the  hoop,  as  shown  by 
the  center  of  radiation  of  the  fractured  surface,  which  was  granular 
throughout.  After  removing  the  hoop  from  the  testing  attochment 
the  width  of  opening  of  the  fractured  ends  ranged  from  1".02  to  1".08 
at  the  streaked  section,  ".96  at  the  nearer  end  under  the  flange  and 
".88  at  the  farther  end  under  the  flange.  Along  the  streaked  section 
a  distance  of  4^"  the  fractured  surface  took  an  irregular  course; 
the  balance  of  the  fracture  on  either  side  followed  more  direct  courses 
to  the  ends  of  the  hoop.  In  the  streaked  section  there  was  a  flaky, 
lamellar  appearance,  the  metal  separating  along  oblique  planes  with 
reference  to  the  exterior  cylindrical  surface.  The  overlapping  metal 
reached  a  maximum  width  of  ".15  and  depth  of  about  ".04.  The  thick- 
ness of  the  walls  adjacent  to  the  fractured  surface  was  '\482  at  the 
middle  of  the  length  of  the  hoop;  at  the  place  where  rupture  began 
the  thickness  was  ".490,  while  at  the  corresponding  distance  from  the 
opposite  end  the  thickness  was  ".486.  The  circumference  at  the  mid- 
dle of  the  length  and  exterior  of  the  hoop  measured,  after  fracture, 
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95",  an  extension  over  the  original  circumference  of  3".  68 =3. 92  per 
cent.  At  the  middle  of  the  length  of  the  principal  streak  the  circum- 
ference measured  1  inch  less,  or  94"  circumference,  an  extension 
over  the  original  of  2".  58 =2. 82  per  cent. 

Near  the  fillets  at  the  flanges  the  circumferences  were  92".  31  and 
92". 37.     Thickness  of  walls: 


The  versed  sines  A  of  chord  at  the  different  quarters  were  ".80, 
".61,  ".61,  ".62,  the  first  mentioned  being  taken  next  the  line  of  f  i-acture. 


HYDROSTATIC  TEST  OP  UNSTREAKED  HOOP  17869  B4.    ORIGINALLY  A  10"  A2  HOOP. 
W 


1.75  , 


Expansion  of  the  hoop  inojisured  at  the  middle  of  its  length  on  one 
diameter. 


Interior 

pressure 

per  square 

inch. 

Pounds. 

Fiber  stress 

Expansion 
in  diam- 
eter. 

Inch. 

Remarks. 

Pounds. 

1 

178 

5,000 

0. 

Initial  load. 

346 

10,000 

.0060 

618 

16,000 

.0099 

691 

20,000 

.0148 

864 

26,000    1          .0197 

1,087 

80.000    1          .0248 

1.209 

85.000              .0294 

1,882 

40,000              .0343 

178 

6,000              .0016 

1,666 

45,000    1          .0893 

1,728 

60,000              .0443 

1,881 

68,000              .0471 

178 

6,000    ;         .0022 

H.  Doc.  336 8 


114 


HYDROSTATIC   TESTS,  GUN   HOOFS. 


Interior 
pressure 

Fiber  stress 

Sxpansioii 
in  diam- 
eter. 

Remarks. 

Poundt. 
1,881 

178 
1,881 

178 
1,881 

178 

1,881 

'l78 

1,881 

'l78 

1,881 

178 

178 
1,881 
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53,000 
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58,000 
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58,000 
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58,000 

5,000 
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60,000 
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62,000 
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64,000 
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66,000 
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68,000 
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70,000 
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72,000 

5,000 
74,000 

5,000 
76,000 

5,000 
78,000 

5,000 
80,000 

5,000 
93,760 

5,000 

Inch. 

Applied  25  times. 

Applied  26  times. 

Applied  50  times.    Noon  iutenrened  after  87th  loading. 

Applied  100  times. 

Applied  100  times. 

Applied  100  times. 

Rested  16  hours. 
AppUed  100  times. 

Elastic  limit 

Maximum  pressure  applied. 

.0024 

.0024 

.oois 

.0081 

.0019 

.0024 
.0008 

.66i5 
.0480 
.0019 

.0019 

.0218 

.0897 

.1232 

.1556 

.1888 

.2232 

.2600 

.3002 

.3405 

.3815 

.4287 

.4838 

.8745 

Test  of  hoop  by  means  of  the  direct  accumulator  pressure  discon- 
tinued. 
Hoop  removed  from  testing  attachment  and  measured  as  follows: 


32'.95 
28:04 


A 


29!97 


rr  l''.42  after  chamfering. 


Expansion  in  diameter,  ".8745=3  per  cent. 

Flanges  chamfered  at  the  outer  edge  to  a  length  of  1". 
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Hoop  returned  to  the  testing  attachment  and  connections  made  with 
high  pressure  auxiliary  cylinder. 


Interior 
persqnAre 


Fiber 
peraqoare 


Remarks. 


Pounds. 
8,821 

8,410 
8,600 
8,666 
8,666 
8,780 
8,784 


JPmmds. 
96,127 

96,606 
101,204 
102,  ffU 
106,826 
107,968 
106,078 


Aoxlllary  cylinder  rechamd  between  timee  of  applying  the  pressiueB. 
Load  reduced  about  onehbali  at  the  time. 


Lower  pacUnff  of  hoop  blew  out. 

Under  diminiflhed  loads,  about  one-half  the  original,  the  circumfer- 
ence of  the  hoop  at  the  middle  of  its  length  measured:  After  8,419 
pounds  per  square  inch,  circumference  OG^'.OO;  after  8,666  pounds  per 
square  Inch,  circumference  96".37;  after  8,744  pounds  per  square 
inch,  with  the  pressure  entirely  removed,  circumference  w".69-i6.76 

G!r  cent  extension.    At  the  ends  of  the  hoop,  under  the  flanges,  the 
teiior  diameter  was  27".96  to  28".00. 
Hoop  removed  from  attachment,  ends  iaced  and  chamfered  an  additional  ^,    Test 
resumed. 

lll.Sll 

Circumference  98'M6  under  1,200  pounds  per  square  inch  interior 

pressure. 
Circumference  96''.87  under  1,200  pounds  per  square  inch  interior 

pressure. 
Circumference  99".65  under  1,200  pounds  per  square  inch  interior 

pressure. 
Circumference  100".4  under  1,200  pounds  per  i*quare  inch  interior 

pressure. 
Circumference  10r'.26  under  1,200  pounds  per  square  inch  interior 

pressure. 
Circumference  101".68  under  1,200  pounds  per  square  inch  interior 
pressure  »  11.2  per  cent  extension. 
Lower  packing  blew  out.    Hoop  removed  from  the  attachment,  ends  again  faced  and  cham- 
fered 1^  additional    Lexugfth  of  flanges  after  chamfering  are  now  1".S0. 

During  the  last  stage  oz  testing  the  clearance  (I'O  provided  in  the  recess  of  the  cap  of  the 
testing  attachment  was  exhausted,  necessitating  further  chamfering.    The  hoop  showed 
marked  local  bulging  on  one  side. 
Bnds  were  again  faced  and  flanges  rechamfered. 
117,806  '  


8,846 
8,908 

111,811 
112,967 

8,017 

114,227 

8,969 

114,891 

4,014 

116,190 

4,047 

117,142 

4,068 

117,460 

4,070 

4,108 

4,187 

2,286 
4,160 

4,160 

4,171 


118,769 

119,740 

64,720 
120,876 

120,876 

120,722 


Circumference,  102".00  under  1,000  pounds  per  square  inch  interior 

pressure. 
Circumference.  102'^50  under  1,000  pounds  per  square  inch  interior 

pressure. 
Circumference.  108f*.l2  under  1,000  pounds  per  square  inch  interior 

pressure. 
Rested  under  this  load  1  hour  and  20  minutes. 
Circumference,  108''.62  under  1,000  pounds  per  square  inch  interior 

pressure. 
Circumference,  104".06  under  1,000  pounds  per  square  inch  interior 

pressure. 
Circumference,  104^.46  under  1,000  pounds  per  square  inch  Interior 

presBure=14.2  per  cent  expansion. 


Packing  blew  out  at  lower  end  of  hoop. 

Hoop  removed  from  testing  fixture  and  measured  as  follows: 


1:10/ , 


37:88  10  87:87 


T 

23 


r.o*' 


27".ei  to  87:88 


'/i:o8 
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The  middle  part  of  the  hoop  was  bulged  on  one  side  bey  ond  the  outer 
line  of  the  flanges. 

Hoop  and  fixture  dismantled.  The  hoop  was  bored  out  at  the  ends, 
restoring  the  diameter  to  28".l  for  a  length  of  f "  to  ^V"  at  each  end. 
The  body  and  cap  of  the  testing  fixture  were  each  turned  to  28".  1 
diameter  to  fit  the  interior  diameter  of  the  hoop,  which  they  entered 
i"  at  each  end.  The  cap  was  further  recessed  to  a  total  depth  of  3i", 
and  both  the  cap  and  flange  at  the  base  of  the  hoop  were  chamfered. 

After  an  interval  of  nine  days  the  modified  parts  were  reassembled 
and  the  testing  was  resumed.  The  hydi-aulic  packings  were  brought 
to  a  condition  of  action  and  the  hoop  kept  under  an  interior  pressure 
ranging  from  2,800  to  2,600  pounds  per  sauare  inch  over  night.  This 
interval  was  followed  by  the  application  of  nigher  pressures,  as  follows: 


^^    Flberstrea, 

Remarks. 

Pounds. 
4,187 
8,181 
4,227 
2,286 
4,288 
2,286 
4,266 
4,272 
2,286 

Pounds. 
121,184 

90,614 
122,838 

64,720 
122,666 

64,720 
128,147 
128,687 

64,720 

Rested  1  hour. 
Circumference,  105".40. 

Auxiliary  cylinder  was  recharged  at  frequent  intervals. 
Circumference,  106".8=16.8  per  cent  expansion. 

The  hoop  shortened  rapidly  in  length,  accompanying  the  circumfer- 
ential expansion,  rendering  it  desiraole  to  employ  exterior  staves  act- 
ing a^inst  the  flanges  to  prevent  the  ends  of  tne  hoop  drawing  off  the 
entering  shoulders  of  the  testing  fixture.  The  staves  were  secured  in 
position  by  means  of  a  heavy  encircling  band  and  the  use  of  steel 
wedges.  The  staves  made  contact  with  the  hoop  against  the  flanges 
and  fillets  only,  clear  space  being  presented  for  further  expansion  at 
the  middle  part.  Owing  to  leakage  about  the  packings,  which  mani- 
fested itself  subsequently  to  the  last  period  of  loading,  induced  during 
screwing  down  the  cap  of  the  testing  fixture  to  shorten  the  attachment, 
it  was  now  necessary  to  apply  the  higher  interior  pressures  by  pump- 
ing directly  into  the  fixture.  Connections  were  maae  with  the  auxiliary 
cylinder,  tne  reaction  against  the  piston  was  weighed  upon  the  scale  of 
the  testing  machine  whUe  the  pressures  were  advanced  oy  the  accumu- 
lator pump.  For  the  time  being,  the  accumulator  pump  was  worked 
under  higher  steam  pressure  than  usual,  beyond  the  capacity  of  the 
accumulator  itself  and  its  pressure  gauge,  both  of  which  were  tem- 
porarily disconnected,  the  cross-over  connections  with  the  auxiliary 
cylinder  serving  as  the  means  of  arriving  at  the  interior  pressure  of 
tne  hoop. 

The  interior  pressure  was  now  increased  until  the  rupture  of  the 
hoop  was  effected,  which  occurred  under  a  load  of  38,900  pounds  on 
the  piston  of  the  auxiliary  cylinder,  which  gives  4,361  pounds  per 
square  inch  interior  pressure. 

Referred  to  the  onginal  dimensions  of  the  hoop,  the  fiber  stress  cor- 
responding to  this  interior  pressure  is  125,889  pounds  per  square  inch. 

After  rupture  the  circumference  at  middle  or  length  and  exterior  of 
hoop  measured  108".33=18.5  per  cent  expansion. 


HYDE08TATI0  TESTS,  GUN   HOOPS. 


117 


At  the  ends  of  the  fillets,  under  the  flanges,  the  circumferences 
measured  96".42  and  96".37. 

Fracture  began  at  the  exterior  surface  of  the  hoop  ".9  from  the 
middle  of  it*j  length,  and  extended  longitudinally  through  each  flange. 
The  fractured  surface  was  granular,  radiating  from  the  point  of  com- 
mencement. Along  the  fractured  edge  and  i"  distance  merefrom  the 
metal  was  drawn  down  to  the  following  thicknesses: 


At  frac- 
tured edge. 

i  inch  from 
edge. 

Inch. 

Inch. 

.473 

.480 

i 

4 

1 

.436 

.447 

"1 

«:-.-.... 

.471 

.477 

The  versed  sines  A  of  chord  at  the  diflferent  quarters  were  2". 84, 
2".  71,  3'MO  and  2".96,  the  first  mentioned  being  taken  next  the  line 
of  fracture.  The  present  length  at  the  interior  surface  was  17". 49, 
being  reduced  from  the  original  length  of  20"  in  part  by  the  bulging 
of  the  walls  and  in  part  by  the  successive  facings  in  the  lathe  during 
chamferings. 

The  rent  showed  a  maximum  opening  at  the  place  where  rupture 
began,  and  here  the  fractured  ends  were  8".  12  apart,  at  the  lower  fillet 
7".40,  and  at  the  upper  fillet  7".17. 

An  oblique  fracture  began  iti  the  upper  half,  extending  in  an  irreg- 
ular course  4i".  The  latter  appeared  to  be  a  secondary  line  of  frac- 
ture, developed  in  respect  to  relative  time  after  the  separation  of  the 
metal  in  the  lower  half  of  the  hoop. 

The  metal  along  the  corners  B,  shown  in  the  above  sketch,  was  com- 
pressed during  the  progress  of  the  test.  At  corners  C  the  metal  was 
extended,  a  result  which  followed  the  general  distortion  of  the  flanges. 

During  the  last  stage  of  the  test  a  number  of  cracks  having  a  longi- 
tudinal direction  were  developed  on  both  the  exterior  and  interior 
surfaces.     The  lengths  of  these  cracks  ranged  from  ".05  to  ".18. 
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NO.  3. 

SCREAKED   HOOP   170^3   B3. 

FRONT  VIEW  OF  THE   LINE   OF  FRACTURE  AT    THE    PRINPIPAL  STREAK. 


MFIIOTVPF     CO..     ttrt^TCtH. 


Nv\   A. 

streaked  hoop  '  ,0--?  h3. 
View  of  part  of  tme  fracturfd  surface,  at  the  principal  streak. 
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NO.  6. 

UNSTREAKED   HOOP  17950   B4. 

GENERAL  VIEW  OF  THE  FRACTURED  SURFACE. 


MELIOTYPE    CO..    BOSTON. 


NO.    7. 
UNSTRt.AKED    HOOP   1  70 5*4   B4. 
yjy^^jM    OF   PART   OK   THE   FRACTURED   SURFACE. 
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COMPBESSIOlf  TESTS  OF   EOCKEE   BLOGX  AlfD  TEAGK  BLOCKS. 

FIRST  SERIES. 

The  material  tested  consisted  of  a  rocker  block  of  cast  steel  and 
track  blocks  of  cast  iron,  cast  steel,  and  forged  steel,  all  of  No.  2 
^rade  of  metal.  The  Mid  vale  Steel  Companv  furnished  the  castings 
tor  the  rocker  block  and  one  of  the  track  blocks.  A  duplicate  cast 
steel  track  block  was  procured  from  the  United  States  Steel  Company, 
West  Everett,  Mass.  The  cast  iron  and  forged  steel  blocks  were  from 
the  arsenal  shops.  Their  dimensions  were  12"  square  by  6"  thick. 
The  rocker  block  was  tested  successivelv  with  the  cast  iron  track 
block,  the  cast  steel  (Midvale)  block,  the  forged  steel,  and  finally  the 
cast  steel  (Everett)  block.  The  working  faces  of  the  blocks  were 
carefully  finished  after  machining,  by  nand  scraping,  to  surfaces 
closely  approaching  true  planes  on  the  track  blocks  and  to  a  cylindrical 
surface  of  114"  radius  on  the  rocker  block. 

In  the  first  series  of  tests  loads  were  applied  not  exceeding  400,000 
pounds.  In  the  second  series  the  full  capacity  of  the  testing  machine, 
800,000  pounds,  was  employed.  The  details  of  the  tests  are  reported 
in  the  order  taken.  A  gauged  length  of  5"  was  established  on  the 
ends  of  the  pair  of  blocks  being  tested,  svmmetrical  with  the  junction 
of  the  pieces  and  across  the  middle  of  their  width.  The  direct  com- 
pressions of  the  test  pieces  were  determined  by  a  micrometer  covering 
this  gauged  length.  Upon  the  completion  of  the  two  principal  series 
of  o^ervations,  sheets  of  thin  tissue  paper,  one  at  a'  time,  were  placed 
between  the  working  faces  and  loads  applied  for  the  purpose  of 
securing  an  impression  on  the  paper  representing  approximately  the 
width  of  the  surface  in  contact  at  different  pressures.  This  was 
followed  by  micrometer  observations  on  the  lateral  movement  of  the 
metal  of  the  blocks,  taken  normal  to  the  line  of  pressures  applied,  and 
normal  also  to  the  elemental  line  of  contact  on  the  working  faces,  and 
finallv  by  means  of  a  caliper  arm  the  longitudinal  extension  of  the 
metal  of  the  rocker  block  was  determined  m  two  places,  near  the  line 
of  contact  and  at  a  place  nearer  the  middle  of  the  block.  The  strains 
developed  during  the  tests  were  apparently  within  the  elastic  limits  of 
the  metals,  excepting  in  the  Everett  cast  steel  track  block,  which 
showed  the  presence  of  sets,  slowly  increasing  with  loads  of  600,000 
pounds  and  upward. 

There  were  negative  sets,  generally  of  small  magnitude,  which  per- 
sistently appeared  and  have  not  yet  been  satisfactorily  accounted  for. 
Their  presence  led  to  extended  observations,  which,  while  not  ex- 
plaining the  minus  readings,  showed  otherwise  uniformity  of  behavior 
throughout  the  tests.  The  effects  of  loads  below  100,000  pounds 
pressure  were  observed  to  show  the  general  behavior  and  judge  of  the 
adjustment  of  the  blocks  in  the  testing  machine. 

The  results  with  the  cast  iron  track  block  showed  a  total  compression 
of  ".0030  under  400,000  pounds,  or  ".0025  between  the  loads  100,000 
and  400,000  pounds.  In  like  manner  the  test  with  the  cast  steel  (Mid- 
vale)  block  showed  a  total  compression  of  ".0025,  or  ".0020  compression 
above  100,000  pounds  load.  The  forged  steel  and  the  Everett  cast 
steel  blocks  furnished  almost  identical  results  with  the  first  cast  steel 
piece.    With  the  Everett  cast  steel  block  a  series  of  micrometer  read- 
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ings  were  taken  under  both  ascending  and  descending  loads,  which 
showed  the  two  paths  coincided. 

Higher  pressures,  increased  to  a  maximum  of  800,000  pounds,  were 
next  apphed,  returning  to  the  use  of  the  cast  iron  track  block,  and 
using  tne  succeeding  blocks  in  the  same  order  as  before.  Minus  sets 
still  appeared,  found  upon  release  to  the  initial  load.  Repeated  obser- 
vations showed  a  satisfactory  behavior  in  the  rate  and  uniformity  of 
compression  between  the  limits  of  100,000  and  800,000  pounds.  Dis- 
regarding the  minus  readings,  three  of  the  blocks  endured  the  full  load 
of  the  testing  machine — 800,000  pounds — without  appreciable  injur3^ 
The  Everett  cast  st«el  block  displayed  a  plus  set  after  receiving  a  load 
of  600,000  pounds,  which  was  gradually  increased  under  higher  stresses, 
and  reached  ".0007  after  800,000  pounds  was  applied.  The  rocker 
block  already  having  been  loaded  several  times  with  800,000  pounds, 
this  permanent  set  must  have  been  confined  to  the  track  block  alone. 

The  direct  compression  of  the  individual  blocks  was  next  deter- 
mined. The  gauged  length  of  6"  was  taken  wholly  on  the  rocker 
block,  with  one  extremity  i"  from  the  working  face,  the  other  5i" 
away,  and  making  similar  observations  on  the  track  block.  The 
blocks  compressed  ".0030  and  ".0031,  respectively,  between  the  loads 
100,000  and  800,000  pounds,  aggregating  a  movement  of  ".0061, 
which,  being  greater  than  observed  on  the  gauged  length  taken  2^" 
on  each  block,  shows  an  appreciable  movement  beyond  the  limits  of 
the  original  gauged  length  taken  from  block  to  block. 

The  next  observations  were  made  on  the  lateral  movement  of  the 
metal  in  the  blocks.  Gauged  lengths  of  5"  each,  across  the  ends  of 
the  blocks^  normal  to  the  direction  of  the  applied  loads,  were  estab- 
lished at  different  distances,  i"  to  6"  from  the  working  faces.  A  few 
measurements  were  made  on  gauged  lengths  of  3"  ana  9".  The  more 
complete  results  on  the  5"  gauged  lengths  showed  in  the  rocker  block, 
at  the  distance  of  i"  from  the  working  face,  a  lateral  movement  inward, 
or  of  compression,  of  ".0007.  At  f"  from  the  face  no  lateral  move- 
ment was  found.  At  the  more  remote  distances  of  1^"  to  5"  the  lat- 
eral movement  was  in  the  opposite  direction;  that  is,  outward  or  in  a 
tensile  direction,  the  maximum  reading  being  ".0010.  The  cast  steel 
(Everett)  track  block  behaved  in  the  same  manner  and  developed 
strains  of  nearly  the  same  magnitude. 

These  results  on  lateral  movements  show  that  the  blocks,  notwith- 
standing the  rigidity  of  their  proportions  and  the  parts  of  the  testing 
machine  against  which  they  abutted,  acted  as  beams  and  were  sensibly 
bent  by  the  pressures  employed.  The  metal  on  the  side  directly 
loaded  was  in  compression,  the  opposite  side  in  tension.  The  neutral 
axis  was  not  founa  at  the  center  of  the  cross  section,  but  nearer  the 
working  face.  This  eccentric  position  is  attributed  to  the  combined 
effects  of  the  dii'ect  compression,  tending  toward  lateral  expansion, 
and  the  bending  of  the  blocks  as  beams,  tending  toward  compression 
on  the  side  having  the  working  face. 

Final  observations  were  maoe  on  the  longitudinal  endwise  extension 
of  the  rocker  block,  measured  by  means  or  a  caliper  arm  over  the  end 
surfaces,  in  a  direction  parallel  to  the  line  of  contac^t  with  the  track 
block.  At  a  distance  of  i"  from  the  working  face  the  longitudinal 
extension  was  found  to  be  ".0017  under  800,000  pounds,  while  at  a  dis- 
tance of  2i"  from  the  face  the  longitudinal  extension  was  about  one- 
half  the  above  amount. 
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A  method  for  the  exact  determination  of  'Hhe  amomitof  elastic  and 
permanent  contact"  has  not  been  found.  There  is  varying  intensity 
of  the  stresses,  due  to  the  shape  and  dimensions  of  the  blocKs,  and  the 
careful  observations  made  indicate  the  direction  and  extent  of  the 
principal  strains  developed  and  help  to  show  the  difficulties  in  any 
attempt  to  determine  with  precision  further  characteristics  of  the 
surfaces.  The  common  method  of  judging,  in  an  approximate  man- 
ner, of  the  extent  of  the  contact  surfaces  was  employed  on  this  occa- 
sion. A  thin  tissue  paper  was  placed  between  the  working  faces, 
different  pressures  applied,  and  the  impressions  on  the  paper  exam- 
ined. Paper  about  ".0012  thick  was  used.  It  required  10,000  pounds 
compression  to  make  a  permanent  impression.  The  impression,  at 
first  vague,  becomes  more  distinct  as  the  loads  are  increased.  Under 
800,000  pounds  the  width  of  the  impression  was  about  1".8  with  the 
forged  steel  ti-ack  block  and  about  2"  with  the  cast  iron  block. 

General  Results. 


/y^-p 


-c  e'^  €r ^ 


Compression  Measured  on  a  Gauged  Length  of  5",  One-half 
THE  Distance  on  each  Block,  and  Across  the  Mn>DLE  of 
Width. 

first  series. 

[Loads  between  100,000  pouDda  and  400,000  pouudB.] 


Compressio 

n.    Rocker  block  tested  with  track 

blocks  of— 

Applied 
loftdfl. 

Cast  Iron. 

Cast  steel 
(Midvale). 

Foxved 
steel. 

Cast  steel 
(Everett). 

Powid%. 

Inch. 

Inch, 

I'Mih. 

/ncfc. 

100,000 

0. 

0. 

0. 

0. 

150,000 

.0005 

.0004 

.0004 

.0004 

200,000 

.0009 

.0007 

.0007 

.0007 

250,000 

.0018 

.0011 

.0010 

.0011 

800,000 

.0017 

.0016 

.0014 

.0014 

860,000 

.0021 

.0018 

.0017 

.0017 

400,000 

.0025 

.0020 

.0020 

.0020 
■i 
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SECOND  SERIES. 
[Loadj)  betweeD  100,000  poauds  and  800,000  pounda.] 


CompresBioii.    Rock  block  tested  with  track  blocks  of—' 


Applied 
loads. 


Cast  iron,     p_  _^  „^_^, 
Ca.st  iron,   block  read-  .MWviSn 
I     justed.      (Mid  vale). 


Forged 
steel. 


Pounds. 
100,000 
200,000 
800,000 
400,000 
460,000 
600,000 
560,000 
600,000 
650,000 
700,000 
750,000 
800,000 


Inch, 

0. 
.0008 
.0017 
.0024 

.0031 
.0034 
.0037 
.VAX 
.0044 
.0047 
.0051 


Inch. 

0. 

.0008 
.0017 
.0024 


Cast  steel 

(Everett). 


.0031 


.0042 


.0047 


Inch. 

Inch. 

Inch. 

0. 

0. 

C 

. 

.0007 

.0006 

.0008 

.0014 

.0013 

.0014 

.0020 

.0019 

.0019 

.0023 

.0021 

.0022 

.0025 

.0023 

.0025 

0028 

.0026 

.0028 

.0030 

.0029 

a 

.0031 

.0033 

.0031 

ri 

.0094 

.0084 

.0034 

a 

.0087 

.0037 

.0036 

a 

.0040 

.0039 

.0037 

a 

.0043 

oThew  flgures  include  net. 

Amount  of  Compbession  of  Individual  Blocks. 

ROCKER  BU)CK  AND  CAST  STEEL  (EVERETT)  T&XCK.  BLOCK. 


GcLXt  q  <>H.  It 


«-<^"-^ 


ilx 


s 


<■ 


Gauged  lengths  established  as  shown  on  the  above  skotx^h. 


Applied 
loads. 


Pounds. 
100,000 
400.000 
800,000 


Measnrements  taken 
on— 

Remarks. 

Rocker 
block. 

Track 
block. 

Inch, 

0. 

.0014 
.0080 

Inch. 

0. 
.0015 
.0031 

Initial  reading. 

bockeb  block  avd  track  blocks. 
Lateral  Movement  of  Blocks. 
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Ycsr 

Obsenratlons  on  xocker  block  on  5»  transvene  gauged  lengths  taken 
at  the  following  distances  from  the  working  face: 

iinch. 

i  inch. 

H  inches. 

2t  inches. 

8i  inches. 

4i  Inches. 

5  inches. 

Pounds. 

6,000 

800,000 

Inch, 
0. 
.0007 

Inch, 

0. 

0. 

Ind^. 
0. 
.0004 

Inch. 
0. 
.0007 

Inch. 
0. 
.0009 

Inch. 
0. 
.0010 

Inch. 
0. 
.0010 

8"  GAUGED  LENGTH. 


800,000 

.0006 

1 

1 

V  GAUGED  LENGTH. 


'      800,000 

1 

.0006 

,      .0016 

DIRECTION  OF  ABOVE  LATERAL  MOVEMENTS. 


Inward.      Nentral, 


Outward. 


Ycsr 

Obeenrations  on  cast  steel  (Everett)  track  block  on  S^  transverse 
gauged  lengths  taken  at  the  following  distances  from  the  working 

k  inch. 

i  inch. 

U  inches. 

Zk  inches. 

6  inches. 

Potmdt. 
6,000 
800,000 

Inch. 
0. 
.0007 

Inch, 
0. 
0. 

Inch. 
0. 
.0004 

Inch. 
0. 
.0010 

Inch. 
0. 
.0012 

9^  GAUGED  LENGTH. 


800,000 

.0014 

DIRECTION  OF  ABOVE  LATERAL  MOVEMENTS. 


Inward. 

Contraction 

in  width. 

Neutral. 

Expansion  in  width  of  the  block. 
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Longitudinal  Extension,  Measured  over  ends  of  IIockek  Block. 


JDtV^-^C^jL^OjX^    o^ 


c7t  '^^' 


JElZei/'Ai  tovt.  o^oLocMs. 


Applied 
loads. 

Distance  from  work- 
ing face. 

i  inch. 

2*  Inch. 

6,000 
400,000 
800,000 

Inch. 

0. 
.0007- 
.0017 

Inch. 
0. 

.0006 

CHEMICAL  ANALYSES  OP  ROCKER  BLOCK  AND  TRACK  BLOCKS. 


Description. 

Carbon. 

Manga- 
nese. 

Silicon. 

Sul-    j  Phofl- 
phur.   phonis. 

i 

Total. 

Gra- 
phitic. 

Com- 
bined. 

Ca«t  steel  rocker  block  and  track 
block  (Midvale) 

.460 
.340 

.430 

1.182 

.762 
.680 

.762 

.3M) 

.475 
.211 

.347 

1.900 

.045    ,    .088 
.178    !     .087 

.070    1     .066 

.048         .463 

Cast  steel  track  block  f  Everett) . . 

Forged  steel  track  block  (Water- 
town  Arsenal) 

Cast  iron  track  block  (Watertown 
Anmnal) 

8.100 

1.918 
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COMFBESSIOH  TESTS  OF  A  CAST  STEEL  EOCKER  BLOCK,  OF  114" 
SADIUS  OF  CXnUVATTTEE,  WITH  TBACK  BLOCKS  OF  DIFFEEEHT 
METALS. 

DETAILS. 


yy^* 


^ 


5{ 


The  compressive  strains  and  sets  measured  on  a  gauged  length  of 
6".  Details  of  the  tests,  first  stage  of  Joading,  up  k)  4W,000  pounds 
compression. 

*  No.  10443. 


Applied 
loads. 


CAST  IRON  TRACK  BLOCK. 


Comprei»- 

SiOD. 


Set. 


Remarks. 


Powikd». 
6,000 
10,000 
20,000 
40,000 
50,000 
60,000 
70,000 
80,000 
90,000 
100,000 
120,000 
150,000 
180,000 
200,000 
220,000 
260,000 
800,000 
360,000 
400,000 
400,000 
400,000 
100,000 


Inch, 

0. 

0. 

0. 

0. 
.0001 
.0002 
.0003 
.0004 
.0005 
.0005+ 
.0007 
.0010 
.0012 
.0014 
.0015 
.0018 
.0022 
.0026 
.OOSO 
.OOSO 
.0081 
.0006 


Inch, 
0. 


Initial  load. 


-.0001 


I      -.0002 


-.0002 


-.0002 


-.0002 


.0002 


-.0008 

-.0003 

.0003 

-.0003 


-.0002 
-.0002 


Re<it«d  under  load. 


H.  Doc.  335 9 
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KOOKEK   BLOCK   AND   TRACK   BLOCKS. 
No.  10444. 

CAST  STEEL  (HIDVALE)  TRACK  BLOCK. 


Applied 
loads. 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 
5,000 
10,000 
30,000 
40,000 
60,000 
80,000 
100,000 
120.000 
150,000 
180,000 
200,000 
220.000 
250,000 
300,000 
850,000 
400,000 
400,000 
400,000 
100,000 

Inch 

0. 

0. 

0. 

.0001 
.0002 
.0003 
.0005 
.0007 
.0009 
.0011 
.0012 
.0014 
.0016 
.0020 
.0028 
.0025 
.0025 
.0025 
.0005 

Inch. 
0. 

Initial  load. 

-.0001 

-.0001 

-.0002 

-.0002 

-.0002 
-.0008 
-.0008 
-.0003 

—.0002 
-.0002 

After  reetiiig  1  hour. 

No.  10446. 

FORGED  STEEL  TRACK  BLOCK. 


Applied 
loads. 

Ck>mpre»- 
slon. 

Set. 

Remarks. 

Poundt. 
5,000 
10,000 
30.000 
40,000 
50,000 
60,000 
60,000 
80,000 
100,000 
120,000 
150,000 
180,000 
200,000 
220,000 
250,000 
800,000 
350,000 
400,000 
400,000 
400,000 
100,000 

Inch, 

0. 

0. 

0. 

.0001 
.0001 
.0001 
.0002 
.0004 
.0005 
.0006 
.0009 
.0011 
.0012 
.0014 
.0015 
.0019 
.0022 
.0026 
.0025 
.0025 
.0005 

Inch, 
0. 

Initial  load. 

—.0002 
-.0002 

-.0002 

After  resting  1  hour. 

-.0003 

-.0003 

-.0003 
-.0008 
-.0003 
-.0003 

-.0008 
-.0008 
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No.  10446. 

CAST  STEEL  (EVERETT)  TRACK  BLOCK. 


Applied 
IocuIb. 


CompKB- 
aion. 


Set. 


Remarks. 


Pounds, 
5,000 
10,000 
30,000 
40,000 
50,000 
60,000 
80,000 
100,000 
120,000 
150,000 
180,000 
200,000 
220,000 
250,000 
300,000 
850,000 
400,000 
400,000 
400,000 
100,000 


Inch, 

0, 

0. 

.0001 
.0002 
.0002 
.0008 
.0004 
.0006 
.0007 
.0010 
.0012 
.0018 
.0015 
.0017 
.0020 
.0028 
.0026 
.0026 
.0025+ 
.0005 


Inch. 
0. 


Initial  load. 


-.0001 


.0002 
.0662' 
.'6602' 


.0002 
.0002 
.0002 
.0008 


.0004 
.0004 


After  resting  1  hour. 


Rested  overnight  under  about  1,000  pounds  pressure. 


5,000 
100,000 
400,000 
400,000 
400,000 

50.000 
50,000 
100,000 
200,000 
300,000 
400.000 
800,000 
200,000 
100,000 
50,000 


.0005 

.0025 
.0025 
.0025 

.0001 
.0001 
.0005 

.0013 
.0020 
.0026 
.0020 
.0013 
.0005 
.0001 


-.0001 
-.0002 
-.0006 
-.0004 
-.0004 

-.0004 


.0004 


TESTS  OF  BLOCKS  UNDER  HIGHER  PRESSURE. 
No.  10443a. 

CAST  IRON  TRACK  BLOCK. 


Applied 
loads. 


Pwnda, 

5,000 

10,000 

50,000 

100,000 

150,000 

200,000 

200,000 

50,000 


Compres- 
sion. 


Inch. 

0. 

0. 

.0006 
.0007 
.0011 
.0015 
.0016 


Set. 


Inch. 
0. 


-.0007 
.0007 
.0006 


Remarks. 


Initial  load. 


Repeated. 


uv.  vw  V.  — .  wvo 

Micrometer  removed,  cleaned,  and  returned  to  position, 


5,000 
60,000 
50,000 
100,000 
150,000 
200.000 
50,000 

0. 
.0006 
.0006 

.0012 
.0016 
.0021 
.0007 
.0012 
.0016 
.0021 
.0016 
.0012 
.0006 
.0025 
.0060 
.0064 
.0004 

0. 

-.0002 
-.0002 
-.0002 
-.0002 
-.0002 

100,000 
150,000 
200,000 

150,000 

100,000 

50,000 
250,000 
800,000 
860.000 

60,000 

-.0002 
-.0004 
-.0006 
-.0006 
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CAST  IRON  TEAGK  BLOCK-Continued. 


Applied 
loads. 


Pounds. 

100,000 

160,000 

200,000 

260,000 

800,000 

260,000 

200,000 

150,000 

100,000 

50,000 

40,000 

80,000 

20,000 

10,000 

5,000 

10,000 

20,000 

80,000 

40.000 

50,000 

40,000 

80,000 

20,000 

10,000 

5,000 


Compres- 
sion. 


Inch. 

.0011 

.0016 

.0020 

.0025 

.0029 

.0025 

.0020 

.0016 

.0012 

.0005 

.0002 

-.0001 

-.0004 

-.0008 


-.0007 
-.0006 
-.0001 
+.0002 
.0004 
.0002 
-.0001 
-.0005 
-.0006 


Set. 


Inch. 


-.0009 


Bemarks. 


Track  block  removed  from  the  testing  machine  and  contact  surface  of  each  block  exam- 
ined by  means  of  surface  plate  and  curvature  gauee.  No  appreciable  change  in  the  shape 
of  the  surfaces  detected.  Track  block  returned  to  the  machine  and  readjusted  against  the 
rocker  block  and  test  resumed. 


6,000 

10,000 

20,000 

80,000 

40,000 

60,000 

40,000 

90,000 

20,000 

10,000 

6,000 

50,000 

5,000 

100,000 

200,000 

800,000 

1,000 

5,000 

100,000 

200,000 

800,00 

400,000 

800,000 

200,000 

100,000 

5,000 

60,000 

400,000 

400,000 

450.000 

500,000 

60,000 

100,000 

160,000 

200,000 

160,000 

100,000 

60,000 

650,000 

600,000 

660,000 

700,000 

750.000 

800,000 

50,000 

100.000 

160,000 

200,000 

260,000 

800,000 

350,000 


0. 

0. 

0. 
.0001 
.0002 
.0004 
.0002 
.0001 

0. 
-.0002 


.0004 


.0008 
.0016 
.0026 


.0006 
.0016 
.0024 
.0082 
.0024 
.0016 
.0007 


.0001 
.0082 
.0082 
.0086 
.0039 
.0001 
.0006 
.0011 
.0016 
.0012 
.0007 
.0001 
.0042 
.0046 
.0049 
.0052 
.0065 
.0069 
.0005 
.0010 
.0015 
.0020 
.0024 
.0028 
.0082 


0. 


.0002 


-.0002 
-.0008 
-.0004 
-.0004 
-.0006 
-.0004 


-.0006 
-.0006 

-.0005 
-.OOOE 
-  .0006 

-.0007 


-.0007 
-.0006 
-.0006 
-.0006 
-.0006 
-.0006 
-.0006 


Initial  load.    Micrometer  reset  at  zero. 


BOOKER   BLOCK    AND   TRACK    BLOCKS. 
CAST  IHON  TRACK  BLOCK— Continued. 


133 


Applied 
loads. 

Compres- 
sion. 

Set. 



Inek. 

RemArks. 

Pounds. 
400,000 
850,000 
800,000 
250,000 
200,000 
160,000 
100,000 
50,000 
5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 

5,000 

5,000 

10,000 

20,000 

30,000 

40,000 

60,000 

100,000 

200,000 

800,000 

400,000 

600,000 

600,000 

700,000 

800,000 

5,000 

50,000 

100,000 

150,000 

200,000 

260,000 

800,000 

260,000 

200,000 

150,000 

100,000 

50,000 

100,000 

200,000 

400,000 

600,000 

800,000 

600,000 

400,000 

200,000 

100,000 

Blocks  rec 

5,000 

50.000 

100,000 

200,000 

300,000 

400,000 

500,000 

600,000 

700,000 

800,000 

700,000 

600,000 

500,000 

400,000 

800,000 

200,000 

100,000 

60,000 

50,000 
100,000 

900|000 
400,000 
800,000 
200,000 
100.000 
50.000 

Inch. 
.0065 
.0082 
.0028 
.0024 
.0020 
.0015 
.0010 
.0006 

"-."oow"' 

.0020 
.0035 
.0047 
.0059 
.0048 
.0087 
.0021 

After  resting  16  hours  under  6,000  pounds  load. 

After  resting  under  the  initial  load  30  hours. 
(Temperature  of  room  lower.) 

• 

-.6666 
-.0002 

-.0001 
0. 

.0005 

.0006 

.0010 

.0018 

.0027 

.0035 

.0042 

.0047+ 

.0058 

.0059 

-6662 
-.0002 
-.0002 
-.0002 
-.0002 
-.0002 
-.0002 
-.0002 
-.0002 
+.0004 

.0007 
.0011 
.0015 
.0020 
.0023 
.0028 
.0024 
.0020 
.0015 
.0011 
.0007 
.0011 
.0020 
.0085 
.0048 
.0060 
.0049 
.0067 
.0022 
.0012 
idjUBted. 
.0002 
.0004 
.0008 
.0016 
.0025 
.0082 
.0089 
.0044 
.0050 
.0055 
.0051 
.0045 
.0040 
.0064 
.0027 
.0019 
.0010 
.0004 

.0006 
.0006 
.0017 
.0025 
.0088 
.0026 
.0018 
.0009 
.0004 

.0006 

.6664 

-.0004 



-  .0004 

1S4 
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No.  10444a. 

CAST  STEEL  (MIDVALE)  TPACK  BLOCK. 


Ycjr 

Compra» 
aion. 

Set. 

Remarks. 

Pounds. 

Inch, 

Inch. 

5,000 

0. 

0. 

Initial  load. 

50,000 

.0004 

-  .0001 

100,000 

.0006 

-  .0001 

150,000 

.0012 

-  .0001 

200,000 

.0015 

-  .0001 

• 

260,000 

.0019 

-  .0001 

300,000 

.0022 

-  .0001 

860,000 

.0025 

-  .0001 

400,000 

.0028 

-  .0002 

460,000 

.0031 

-  .0002 

500,000 

.0083 

-  .0002 

560,000 

.0086 

-  .0002 

600,000 

.0088 

-  .0002 

660,000 

.0041 

-  .0002 

700.000 

.0042 

-  .0002 

750,000 

.0045 

-  .0002 

800,000 

.0047 

.0002 

50.000 

.0004 

100,000 

.0006 

200,000 

.0016 

800,000 

.0022 

400,000 

.0028 

500,000 

.0034 

600,000 

.0088 

700,000 

.0048 

800,000 

.0047 

700,000 

.0048 

600,000 

.0089 

600,000 

.0084 

400,000 

.0029 

800,000 

.0028 

200,000 

.0016 

100,000 

.0009 

50,000 

.0004 

"'-'.'6666"* 

Rested  under  initial  load  16  houni. 

* 

5,000 

+.0001 

60,000 

.0006 

100,000 

.0010 

200,000 

.0016 

800,000 

0028 

400,000 

.0029 

800,000 

.0023 

200,000 

.0017 

100,000 
50.000 

.0010 

.0006 

"+'.'666i  " 

100.000 

.0010 

200,000 

.0017 

800,000 

400,000 

.0029 

500,000 

.0084 

600,000 

.0069 

700,000 

.0044 

800,000 

.0048 

700,000 

.0044 

600.000 

.0089 

500,000 
400  000 

.0085 

.0090 

800.000 

.0024 

200,000 

.0017 

100.000 

.0010 

"*+."666i  ' 
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No.  10445a. 

FORGED  8TEKL  TRACK  BLOCK. 


"iSSr 

Compres- 
idon. 

Set. 

Remarks. 

P&undt, 

Inch. 

Inch. 

6,000 

0. 

0. 

Initial  load. 

50.000 

.0008 

0. 

100,000 

.0006 

0. 

160,000 

.0012 

0. 

200,000 

.0014 

0. 

250.000 

.0018 

0. 

800,000 

.0021 

-.0001 

860,000 

.0024 

-.0001 

400,000 

.0027 

-.0001 

460,000 

.0029 

-.0001 

600,000 

.0081 

—.0001 

560,000 

.0084 

-.0001 

000,000 

.0087 

-.0001 

650,000 

.0089 

-.0001 

700,000 

.0042 

-.0001 

750,000 

.0044 

-.0001 

800,000 

.0046 

-.0001 

60,000 

.0008 

100.000 

.0007 

200,000 

.0015 

800,000 

.0022 

400,000 

.0027 

600,000 

.0082 

600,000 

.0087 

700,000 

.0042 

• 

800,000 

.0046 

700,000 

.0042 

000,000 

.0087 

600,000 

.0032 

400,000 

.0027 

800,000 

.0022 

200,000 

.0016 

100,000 

.0007 

60,000 

.0008 

-.0001 

No.  10446a. 

CAST  STEEL  (EVERETT)  TRACK  BLOCK. 


^sr 

Com- 
pression. 

Set. 

Remarks. 

Pwtnds. 

Inch, 

Inch. 

6,000 

0. 

0. 

Initial  load. 

60,000 

.0003 

0. 

100.000 

.0007 

-.0001 

160,000 

.0012 

-.0001 

200,000 

.0015 

-.0001 

250,000 

.0018 

-.0001 

800,000 

.0021 

-.0001 

860,000 

.0024 

-.0001 

400,000 

.0026 

-.0001 

460,000 

.0029 

-.0001 

600,000 

.0062 

-.0001 

660,000 

.0036 

0. 

600,000 

.0088 

+.0001 

650,000 

.0041 

.0002 

700,000 

.00^ 

.0003 

760,000 

.0047 

.0006 

800,000 

.0050 

.0007 

60,000 

.0012 

100,000 
200,000 
800,000 

.0016 

.0023 

.0029 

400,000 

.0034 

600,000 

.0088 

600,000 

.00^8 

700,000 

.0047 

800,000 

.0061 

700,000 

.0048 

600,000 

.0044 

600,000 
400,000 

.0040 

.0036 

800,000 

.0030 

200,000 

.0024 

100,000 

.0017 

50,000 

.0018 

.0006 
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Micrometer  Observations  Taken  on  the  Rocker  Block. 


<r 


Gauged  length  of  5"  established  on  top  surface,  one  extremity  being 
i"  from  the  element  making  contact  with  the  Track  Block. 

No.  10446b. 

CAST  STEEL  (EVERETT)  BLOCK  USED. 


Applied 
loads. 

Compres-          3,,. 

Remarks. 

Pounds. 
6,000 
100,000 
200,000 
300,000 
400,000 
600.000 
600,000 
700.000 
800,000 
700,000 
600,000 
600.000 
400,000 
800,000 
200,000 
100,000 

Inch. 

0. 

.0002 
.0007 
.0012 
.0016 
.0021 
.0024 
.0029 
.0082 
.0029 
.0026 
.0021 
.0017 
.0013 
.0009 
.0002 

Inch. 
0. 

Initial  load. 

-  .0001 

^  Gauged  len^h  of  5"  establiahed  on  the  track  block  opposite  posi- 
tion in  preceding  test,  one  extremity  being  i"  from  the  face  next  the 
rocker  block. 


^fisr 

Compres- 
sion. 

Inch. 

0. 
.0004 
.0009 
.0014 
.0019 
.0022 
.0026 

Set. 

Inch. 
0. 

Remarks. 

Pounds. 
6,000 
100,000 
200,000 
300,000 
400,000 
600,000 
600,000 
700,000 
800,000 
700,000 
600,000 
600.000 
400,000 
300,000 
200,000 
100,000 
800,000 

Initial  load. 

.0031 

.0085 
.0031 
.0028 
.0024 
.0019 
.0015 
.0010 
.0005 
.0036 

.0004 
.0004 

BOOKEB   BLOCK   AND  TRACK   BLOCKS. 
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Gauged  lengths,  5^  each. 

Everett  cast  steel  track  block  used  in  this  and  subsequent  experi- 
ments. 

No.  10446c. 

OBSERVATIONS  ON  CAST  STEEL  TRACK  BLOCK. 
[Transverse  gauged  length  taken  y  from  the  working  face.] 


YcSr 

Lateral 
movement 

Set. 

Remarks. 

Pounds. 
5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 
5,000 

Inch. 

Ol 
.0002 
.0003 
.0006 
.0007 
.0005 
.0008 
.0002 

0. 

Inch. 
0. 

Initial  load. 

Movement  is  an  inward  one,  a  contraction  in  width  of 
the  block. 

0. 

[Transverse  gauged  length  taken  W*  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

5,000 

0. 

0. 

0. 
.0002 
.0004 
.0002 
.0001 

0. 

0. 

0. 

Initial  load. 

Movement  is  an  outward  one,  an  expansion  in  width  of 
the  block. 

0. 

[Transverse  gauged  length  taken  i"  from  the  working  face.] 


5,000 
200,000 
400.000 
600,000 
800,000 
400.000 

5,000 

0. 
0. 
0. 
0. 
0. 
0. 

0. 

Initial  load. 

No  lateral  movement  shown. 

.0001 

OBSERVATIONS  ON  THE  ROCKER  BLOCK. 
[Transverse  gauged  length  taken  i''  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

5,000 

0. 
.0001 
.0004 
.0006 
.0007 
.0005 
.0004 
.0002 

0. 

0. 

Initial  load. 

Movement,  a  contraction  in  width  of  the  block. 

0. 

1&8 
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OBSERVATIONS  ON  THE  ROCKER  BLOCK— Continued. 
[Transverse  gauged  length  taken  y  from  the  working  face.] 


YcSSr* 

Lateral 
movement. 

Set. 

Remarks. 

PoufuU. 

5,000 
200,000 
400,000 
600,000 
800,000 
400,000 

5,000 

Inch, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Inch. 
0. 

Initial  load. 

No  lateral  movement  shown. 

6. 

[Transverse  gauged  length  taken  li^  from  the  working  face.] 


5.000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

5,000 

0. 

0. 
.0001 
.0008 
.0004 
.0008 
.0008 
.0001 

0. 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

[Transverse  gauged  length  taken  2|^  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800.000 
600,000 
400,000 
200,000 

5.000 

0. 
.0001 
.0008 
.0005 
.0007 
.0005 
.0004 
.0002 

0. 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

[Transverse  gauged  length  taken  ^"  from  the  working  face.] 


5,000 
200.000 
400,000 
600.000 
800.000 
600.000 
400,000 
200,000 

5,000 

•0. 
.0008 
.0005 
.0007 
.0009 
.0008 
.0006 
.0008 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

[Transverse  gauged  length  taken  iy  from  the  working  face.] 


5.000 
200,000 
400.000 
600.000 
800,000 
600.000 
400,000 
200,000 

5,000 

0. 
.0002 
.0005 
.0006 
.0010 
.0008 
.0006 
.0004 

0. 

IniUal  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

[Transverse  gauged  length  taken  5"  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

5,000 

0. 
.0002 
.0006 
.0008 
.0010 
.0009 
.0007 
.OOM 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

kOO&£&  BLOOK   AND  TRACK   BLOCKS. 

OBSERVATIONS  ON  THE  ROCKER  BLOCK-^Contlnued. 
[Obeervations  repeated  on  transvene  gauged  length  \ff  from  the  working  face.] 
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AppUed 
loads. 

Lateral 
movement. 

Set. 

Remarks. 

Powidt, 
6,000 
200,000 
400,000 
600,000 
800,000 
600.000 
400,000 
200,000 
6,000 

800,000 
6,000 

Inch. 

0. 
.0001 
.0008 
.0004- 
.0004 
.0004 
.0008 
.0001 

Inch. 
0. 

Initial  load. 

Movement,  a  contraction  In  width  of  the  block. 

0. 

.0004 

0. 

OBSERVATIONS  RENEWED  ON  TRACK  BLOCK. 
[Transverse  gauged  length  taken  \"  from  the  working  face.] 


6.000 
200.000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

6,000 

0. 
.0002 
.0004 

.0007 
.0006 
.0004 
.0002 

0. 

Initial  load. 

Movement,  a  contraction  in  width  of  the  block. 

0. 

[Transverse  gauged  len^rth  taken  6"  from  the  working  face.] 


6,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

6,000 

0. 
.0008 

.0006 
.0009 
.0012 
.0010 
.0006 
.0006 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

[Transverse  gauged  len^rth  taken  8^  from  the  working  face.] 


6,000 
200,000 
400,000  - 
600,000 
800,000 
600,000 
400,000 
200,000 

6,000 

0. 
.0003 
.0006 
.0008 
.0010 
.0006 
.0006 
.0004 

0. 

IniUal  load. 

Movement,  an  expansion  in  width  of  the  block. 

.0001 

OBSERVATIONS  RESUMED  ON  THE  ROCKER  BLOCK. 
[Transverse  gauged  length  now  reduced  to  8"  and  taken  \"  from  the  working  face.] 


6.000 
200,000 
400,000 
600,000 
800,000 
400.000 

6,000 

0. 
.0001 
.0008 
.0004 
.0006 
.0006 

0. 

Initial  load. 

Movement,  a  contraction  in  width  of  the  block. 

0. 
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OBSERVATIONS  RESUMED  ON  THE  ROCKER  BLOCK— ConUnued. 
[Gauged  length  now  increased  to  V  and  taken  y*  from  the  working  face.] 


Y«sr 

Lateral 
movenent. 

Set. 

RemarkH. 

Pounds. 
5,000 
200,000 
400,000 
600,000 
800,000 
400,000 
6,000 

Inch. 

0. 

.0001 
.0003 
.0006 
.0006 
.0004 

Inch. 
0. 

Initial  load. 

Movement,  a  contraction  in  width  of  the  block. 

0. 

[Gauged  length  9"  long  taken  5^'  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

6,000 

0. 
.0006 
.0009 
.0012 
.0016 
.0015 
.0011 
.0007 

0. 

Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 

0. 

OBSERVATIONS  ON  TRACK  BLOCK  AGAIN  MADE. 
[Gauged  length  of  9''  taken  6"  from  the  working  face.] 


5,000 

0. 

200,000 

.0004 

400,000 

.0006 

600,000 

.0012 

800.000 

.0014 

600,000 

.0013 

400,000 

.0010 

200,000 

.0006 

5.000 

0. 


.0001 


Initial  load. 

Movement,  an  expansion  in  width  of  the  block. 


OBSERVATIONS  ON  THE  ROCKER  BLOCK. 

[Measurements  taken  bv  means  of  a  caliper  over  the  length  of  the  rocker  block,  in  a  direction  par- 
allel to  the  contact  efemeniH  and  y  from  the  working  face,  at  the  middle  of  the  widtli  of  the 
block.] 


Yosr 

Longitudinal 
extension. 

Remarks. 

Pounds. 

5,000 
400,000 
800,000 

6,000 
800.000 

5,000 

Inch. 
0. 

.0007 
.0017 
.0002 
.0017 
0. 

InlUal  load. 

[Longitudinal  measurements  taken  at  a  distance  of  2k"  from  the  working  face.  Taken  in  a  line  with 
one  extremity  of  the  original  5^'  gauged  length  established  for  measuring  the  direct  compression  of 
the  blocks.] 


5,000 

0. 

800,000 

.0008 

6,000 

0. 

800,000 

.0006 

5,000 

0. 

5,000 

800,000 

5.000 


[Caliper  returned  to  position  on  the  length  taken  ^  from  the  working  face.] 

Initial  load. 
.0016 
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COMPBESSIOH  TESTS  OF  ROCKER  BLOCK  AKD  TRACK  BLOCKS. 

SECOND  SERIES. 
BLOCKS  OF  REDUCED  LENGTHS. 

The  rocker  block  and  track  blocks  were  each  cut  into  two  parts  and 
tests  made  on  parts  which  were  6"  long.  The  tests  were  conducted  in 
the  same  order  as  in  the  original  senes  which  were  made  when  the 
blocks  were  12"  long,  j&rst  loading  the  rocker  block  with  the  cast  iron 
track  block.  Compressions  were  measured  on  a  gauged  length  of  5", 
taken  at  the  middle  of  the  widths  of  the  blocks.  After  each  increment 
the  stress  was  reduced  to  the  initial  load  and  the  sets  determined. 
There  were  apparently  minus  sets  developed  under  the  earlier  loads, 
which  reached  a  maximum  of  —".0003  after  250,000  pounds  had  been 
applied.  At  550,000  pounds  the  set  was  in  a  plus  direction,  and  from 
this  load  onward  there  was  a  progressive  gain,  which,  after  the  appli- 
cation of  800,000  pounds,  was  ".0019. 

A  series  of  observations  was  next  taken  under  ascending  and  de- 
scending stresses.  The  second  application  of  800,000  pounds  increased 
the  set  only  ".0001.  The  blocks,  however,  having  taKen  jointly  a  set 
of  ".0020,  a  part  of  which  set  was  in  each  block,  it  was  necessary  to 
rescrape  the  rocker  block  to  restore  its  working  face  to  the  prescribed 
curvature,  114"  radius.  The  other  three  tracK  blocks  were  in  turn 
loaded  in  the  same  manner  as  above  described.  The  permanent  sets 
developed  under  the  maximum  load  applied,  800,000  pounds,  the 
capacity  of  the  testing  machine,  were  as  follows: 


Teats  made  with  the— 


Ciuit  Iron  track  block 

Cast  steel  (Mid  vale)  track  block. 

Foiged  steel  track  block 

Cast  steel  (Everett)  track  block.. 


Set. 


Inch. 
.0019 
.0012 
.0006 
.0041 


Observations  on  the  lateral  movement  of  the  blocks  next  followed, 
ending  with  further  measurements  of  the  direct  compression,  or  the 
apparent  direct  compression  of  the  rocker  block  with  the  cast  steel 
(Everett)  track  block  on  gauged  lengths  at  the  middle  of  the  width  of 
the  blocks,  near  the  sides  ana  at  intermediate  places. 

Referring  to  the  numerical  values  obtained  on  the  direct  compres- 
sion of  the  blocks,  in  comparison  with  the  results  found  when  the 
blocks  were  of  full  length,  it  appears  that  the  relative  compression  is 
less  now  than  in  the  earlier  tests,  comparing  the  effects  according  to 
the  loads  per  linear  inch  of  contact  surface.  The  following  tables  are 
prepared  to  illustrate  the  comparative  behavior  of  the  blocks  when  of 
full  length,  and  at  the  present  time  when  shortened  one-half.    The 
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figures  pertaining  to  the  6"  blocks  are  deduced  from  the  series  of 
ascending  and  descending  loads. 


OBSERVATIONS  ON  COMPRESSION  OF  THE  ROCKER  BLOCK. 

USED  WITH  CAST  IRON  TRACK  BLOCK. 

[Gauged  length  of  5^\  taken  2k"  on  each  block.] 


Applied 

Blocks  12" 

Blocks  6" 

loads. 

long. 

long. 

Pounds. 

Inch. 

Inch. 

100.000 

0. 

0. 

200,000 

.0008 

.0011 

300,000 

.0017 

.0020 

400,000 

.0024 

.0028 

600,000 

.0031 

.0087 

600,000 

.0036 

.0046 

700,000 

.0042 

.0062 

800,000 

.0047 

.0061 

Remarks. 


Initial  reading. 


USED  WITH  CAST  STEEL  (MIDVALE)  TRACK  BLOCK. 


100,000 

0. 

0. 

Initial  reading. 

200,000 

.0007 

.0009 

900,000 

.0014 

.0016 

400,000 

.0020 

.0028 

600,000 

.0025 

.0029 

600,000 

.0030 

.0036 

700,000 

.0034 

.0048 

800,000 

.0089 

.0049 

USED  WITH  FORGED  STEEL  TRACK  BLOCK. 


100,000 

0. 

0. 

200,000 

.0006 

.0009 

800,000 

.0018 

.0016 

400,000 

.0019 

.0022 

600,000 

.0023 

.0028 

600,000 

.0029 

.0085 

700,000 

.0084 

.0041 

800,000 

.0037 

.0047 

Initial  reading. 


USED  WITH  CAST  STEEL  (EVERETT)  TRACK  BLOCK. 


100,000 

0. 

0. 

Initial  reading. 

200,000 

.0008 

.0006 

800,000 

.0014 

.0012 

400.000 

.0019 

.0017 

600,000 

.0025 

.0022 

600,000 

a. 0030 

.0027 

700,000 

a. 0034 

.0032 

800,000 

a. 0086 

.0087 

a  Sets  deducted;  resilient  movement  given. 

An  inspection  of  the  above  tables  shows  the  compressive  strains  in 
the  half  blocks  proportionally  less  than  in  the  whole  blocks,  the  differ- 
ence almost  disappearing  in  the  case  of  the  Everett  cast  steel  track 
block.  The  condition  of  the  Everett  block  at  the  time  this  comparison 
is  made  in  some  degree  explains  the  behavior  displayed,  since  it  had 
received  a  greater  permanent  set  than  the  other  blocks,  thereby 
increasing  the  contact  surface. 

Measurements  of  the  strains  in  a  lateral  direction  indicate  some  of 
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the  resultant  movements.  Both  blocks  considered  as  beams  show 
decided  bending  under  load,  as  evinced  by  the  lateral  movements 
observed  on  the  gauged  lengths  established  normal  to  the  direction  of 
loading,  and  taken  at  varying  distances  of  i"  to  5"  from  the  working 
faces.  The  neutral  axes  for  the  lateral  strains  were  eccentric,  as 
before  observed,  but  appeared  to  be  slightly  more  removed  from  the 
working  faces  tnan  in  the  earlier  series  of  tests,  in  this  respect  the 
blocks  of  reduced  lengths  showing  greater  freedom  in  bending.  The 
depths  of  the  blocks  necessarily  influence  their  bending  resistance, 
which  would  be  further  modified  by  the  support  received  from  the 
buttresses  of  the  testing  machine.  The  distortion  in  these  tests  is 
thought  to  be  largely  due,  however,  to  the  dimensions  of  the  blocks, 
insufficient  depth  of  metal  being  present  to  resist  the  pressures  applied. 
Both  blocks  bend  and  develop  lateral  strains  not  unlike,  although  the 
rocker  block  rested  against  an  auxiliary  buttress  4"  deep,  while  the 
track  block  was  reenforced  hj  a  buttress  lOi"  deep,  each  clamped  in 
the  heads  of  the  testing  machine. 

Observations  on  direct  compression,  as  shown  by  the  measurements 
on  gauged  lengths  established  parallel  to  the  direction  of  loading,  were 
renewed.  Across  the  middle  of  the  width  of  the  blocks,  on  a  gauged 
length  of  10",  the  compressive  strain  observed  was  ".0079  for  a  load 
of  800,000  pounds.  One-fourth  inch  from  side  A  the  movement  was 
".0139,  and  the  same  distance  from  side  B  there  was  a  movement  of 
".0157,  while  at  intermediate  places  the  movements  were  ".0100  and 
".0114.  As  the  ends  closed  ".0139  and  ".0167,  respectively,  the  mean 
being  ".0148,  and  the  middle  closed  ".0079,  there  is  a  difference  shown 
of  ".0069,  which  is  taken  to  indicate  the  aggregate  bending  of  both 
blocks.  The  closing  in  at  opposite  ends  was  not  alike.  This  depends 
upon  the  accuracy  of  the  adjustment  of  the  blocks  in  the  testing 
machine  initially,  and  upon  their  symmetrical  yielding  when  permanent 
sets  are  developed  by  tne  higher  loads. 

In  order  to  illustrate  the  effect  of  change  of  position,  the  adjusting 
screws  of  the  testing  machine  were  moved  one  turn  toward  side  A, 
whereupon  the  resilient  movements  at  sides  A  and  B  became  ".0120 
and  ".0180,  respectively.  A  change  in  position  in  the  opposite  direc- 
tion of  one  turn  of  the  screws  as  before,  and  the  movements  at  sides 
A  and  B  now  were  ".0158  and  ".0121,  respectively. 

GENEBAL  BESULTS. 


Compression  measured  on  a  gauged  length  of  5",  one-half  of  the 
distance  taken  on  each  block,  and  at  the  miadle  of  the  width. 
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FIRST  APPLICATIONS  OF  LOADS  TO  BLOCKS  OF  REDUCED  LENGTHS. 
[Loads  between  100,000  and  800,000  pounds.] 


Compression.    Rocker  block  tested  with  track 

blocks  of— 

Applied 
loads. 

Cast  iron. 

Cast  steel 
(Midvale). 

Forged 
steel. 

Cast  steel 

(Everett). 

Pounds. 

Inch. 

Inch. 

Inch. 

Inch. 

100,000 

0. 

0. 

0. 

0. 

150,000 

.0006 

.0006 

.0006 

.0005 

200,000 

.0011 

.0011 

.0009 

.0009 

250,000 

.0017 

.0016 

.0014 

.0018 

300.000 

.0022 

.0020 

.0017 

.0016 

350,000 

.0027 

.0023 

.0021 

.0020 

400,000 

.0031 

.0027 

.0024 

.0023 

450,000 

.0036 

.0030 

.0027 

.0026 

500,000 

.0042 

.0034 

.0030 

.0029 

560,000 

.0048 

.0038 

.0034 

.0034 

600,000 

.0064 

.0041 

.0037 

.0040 

660,000 

.0060 

.0045 

.0041 

.0050 

700,000 

.0067 

.0050 

.0044 

.0067 

750,000 

.0073 

.oa^ 

.0049 

.0065 

800,000 

.0060 

.0061 

.0054 

.0072 

The  above  compressions  include  the  permanent  sets  developed  by 
the  several  blocks  when  the  loads  were  applied  for  the  first  times,  sets 
generally  appearing  after  loads  of  500,000  pounds  and  upwards  were 
applied. 

SECOND  APPLICATIONS  OF  LOADS  TO  BLOCKS  OF  REDUCED  LENGTHS. 
[Loads  between  100,000  and  800,000  pounds.] 


Applied 
loads. 

Compression.    Rocker  block  tested  with  track 
blocks  of- 

Cast  iron. 

Cast  steel 
(Midvale). 

Forged 

steel. 

Cast  steel 

(Everett). 

Pounds. 
100,000 
200,000 
300,000 
400,000 
600.000 
600,000 
700,000 
800,000 

Inch. 

0. 

.0011 
.0020 
.0028 
.0037 
.0046 
.0052 
.0061 

Inch. 

0. 
.0009 
.0016 
.0023 
.0029 
.0036 
.0043 
.0049 

Inch. 

0. 
.0009 
.0016 
.0022 
.0028 

.ooa^ 

.0041 
.0047 

Inch. 

0. 
.0006 
.0012 
.0017 
.0022 
.0027 
.0032 
.0037 

Lateral  Movement  of  Blocks. 

Gauged  lengths. 


^'V'W  W 


I 


VVV    V   V  V 


X 


<-  0'-^ 


i 
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The  direction  of  the  lateral  movement  is  stated  in  the  notations  at 
the  foot  of  the  tables. 


Ycsr 

Obeervationa  on  rocker  block  on  5^  transverse  gauged  len^rths  taken 
at  the  following  distances  from  the  working  face: 

i  inch. 

{inch. 

14  Inches.  2}  inches. 

8i  inches. 

4i  inches. 

6  inches. 

Pounds. 

6,000 

800.000 

Inch. 
0. 

.0016 
Inw 

Inch. 
0. 

.0003 
aid. 

Inch. 
0. 
.0004 

Inch. 
0. 
.0010 

Inch. 
0. 

.0014 
Outward. 

Inch. 
0. 
.0016 

Inch. 
0. 
.0019 

ro^ 

Obseryations  on  cast  steel  (Everett)  track  block  on  y^  transverse  gauged 
lengths  taken  at  the  following  distances  from  the  working  face:  . 

J  inch. 

}inch. 

U  inches.  2t  inches.  3}  inches. 

4^  inches. 

Inch. 
0. 
.0016 

6  inches. 

Pounds. 

5.000 

800,000 

Inch. 
0. 

.0021 
Inw 

Inch. 
0. 
.0006 
ard. 

Inch. 
0. 
.0003 

Inch. 
0. 
.0009 

Inch. 
0. 

.0014 
Outward. 

Inch. 
0. 
.0021 

Comparison  or  the   Direct  Compression  of  the  Blocks  taken 
AT  Different  Places  on  their  Widths. 


ROCKER  BLOCK  USED  WITH  CAST  STEEL  (EVERETT)  TRACK  BLOCK. 
[Gauged  lengths.  10*.] 


Applied 
loads. 


Pounds. 

6,000 

800,000 


Compression  on  gauged  lengths  at— 


}  inch  from    3}  inches 
side  A.     from  side  A. 


Inch. 
0. 
.0189 


Inch. 
0. 
.0100 


Middle  of 
width. 


3i  Inches  |     i  inch 
from  side  B. , from  side B, 


Inch. 
0. 
.0079 


Inch. 
0. 
.0114 


Inch. 
0. 
.0167 


Adjusting  screws  of  testing  machine  moved  one  turn  toward  side  A. 

800.000    I         .0120    I I I I         .0180 

Adjusting  screws  of  testing  machine  moved  one  turn  toward  side  B. 

800,000    I         .0168    I I I I         .0121 


I- 
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BOOKEB   BLOCK   AND  TKAOK   BLOCKS. 


SEGOVD  SEBIES  OF  COMPBSSSIOH  TESTS  OF  A  CAST  STEEL 
ROCKER  BLOCK,  OF  114"  RADIUS  OF  CTrRVATTTRE,  WITH  TRACK 
BLOCKS  OF  DIFFEREHT  METALS. 

DETAILS. 


BLOCKS  OF  REDUCED  LENGTHS. 


The  rocker  block  and  track  blocks  were  cut  into  two  parts,  6"  and 
5".  3  long,  respectively.     Test  were  resumed  on  the  parts  6"  long  each. 


vo 


o^  2  co<i7ts. 


CAST  STEEL  (MIDVALE)  ROCKER  BLOCK  USED  WITH  TRACK  BLOCKS 
OF  DIFFERENT  METALS. 


No.  10443d. 

CAST  IRON  TRACK  BLOCK. 

Applied 
loads. 

Compres- 
sion. 

Set. 

Remarks. 

1 

Pmnds. 

Inch. 

Inch. 

6,000 

0. 

0. 

Initial  load. 

60,000 

.0006 

-.0001 

100,000 

.0018 

-.0001 

150,000 

.0019 

-.0001 

200,000 

.0024 

.0002 

260,000 

.0080 

-.0008 

800.000 

.0035 

-.0008 

360.000 

.0040 

—.0008 

400,000 

.0044 

-.0003 

460,000 

.0049 

-.0002 

600,000 

.0055 

-.0001 

660,000 

.0061 

+.0002 

600,000 

.0067 

.0006 

Bested  under  26,000  pounds  16  hours. 

660,000 

.0073 

.0007 

nent  set 

700.000 

.0060 

.0011 

760,000 

.0086 

.0014 

BOCEGBB  BLOCK  AND  TRACK  BL0CK6. 
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CAST-STEEL  (MIDVALE)  ROCKER  BLOCK,  ^TC— Oontinued. 
CAST  IKON  TBAGK  BLOCK-Oontinaed. 


Applied 
loftds. 

Compres- 
sion. 

Set. 

Remarks. 

Povmds. 
800,000 

100,000 
200,000 
900,000 
400,000 
500,000 
600,000 
700,000 

600,000 
500,000 
400,000 
800,000 
200,000 
100.000 

Inch. 
.0098 

.0088 
.0044 
.0058 
.0061 
.0070 
.0079 
.0065 
.OOM 
.0066 
.0060 
.0078 
.0065 
.0066 
.0047 
.0086 

Inch, 
.0019 

.0020 

An  examination  of  the  working  faces  of  the  rocker  and  track  blocks 
showed  the  surfaces  to  be  concave  ".001  +  each,  the  result  of  the 
permanent  set  acquired  during  the  test. 

Placing  tissue  paper  (about  ".0012  thick)  between  working  faces  of 
rocker  and  track  olocks  and  applying  pressure,  the  impression  left  on 
the  paper  measured  about  2". 45  anf  3".  20  wide  for  loads  of  400,000 
and  800,000  pounds,  respectively. 

ROCKER  BLOCK  RESCRAPED  TO  PRESCRIBED  CURVATURE,  IIM' 

RADIUS. 

No.  10444d. 

CAST  STEEL  (MIDVALE)  TRACK  BLOCK. 


Applied 
loads. 

Compres- 
sion. 

Set, 
Inch. 

Remarks. 

Pounds. 

Inch. 

5,000 

0. 

0. 

Initial  load. 

50,000 

.0007 

0. 

100,000 

.0014 

0. 

150,000 

.0020 

0. 

200,000 

.0025 

0. 

250,000 

.0080 

0. 

800,000 

.0084 

0. 

860,000 

.0087 

0. 

400,000 

.0041 

0. 

450,900 

.0044 

0. 

500,000 

.0048 

+.0001 

560,000 

.0052 

.0001 

600,000 

.0055 

.0002 

660,000 

.0050 

.OOM 

700,000 

.0064 

.0006 

760,000 

.0060 

.0009 

800,000 

.0075 

.0012 

100,000 

.0026 

200,000 

.0085 

800,000 

.0042 

400,000 

.0049 

600,000 

.0065 

600,000 

.0062 

700,000 

.0009 

800.000 

.0076 

700,000 

.0070 

600,000 

.0064 

500,000 

.0067 

400,000 

.0060 

800,000 

.00«4 

200,000 

.0066 

100,000 

.0027 

.0014 
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No.  l(M45d. 

FORGED  STEEL  TRACK  BLOCK. 


^,a:r 

Compres- 
sion. 

Set 

Remarlu. 

1 

Pounds, 

Inch, 

Inch. 

6,000 

0. 

0. 

1  Initial  load. 

60.000 

.0007 

0. 

100,000 

.0012 

0. 

160,000 

.0017 

0. 

200,000 

.0021 

+.0001 

260,000 

.0026 

.0001 

900,000 

.0001 

850,000 

.0038 

.0001 

400,000 

.0086 

.0001 

460,000 

.0089 

.0001 

* 

600,000 

.0042 

.0001 

660,000 

.0046 

.0001 

600,000 

.0049 

.0002 

660,000 

.0068 

.0002 

700,000 

.0066 

.0004 

760,000 

.0061 

.0006 

800.000 

.0066 

.0006 

ioo.ooo 

.0020 

200,000 

.0029 

800,000 

.0086 

400,000 

.0042 

600,000 

.0048 

600,000 

.0065 

TOO,.  000 

.0061 

800,000 

.0067 

700,000 

.0062 

600,000 

.0056 

600,000 

.0061 

400,000 

.0044 

800.000 

.0038 

200,000 

.0031 

100,000 

.0022 

.*66i6' 

• 

No.  l(M46d. 

CAST  STEEL  <EVERETT)  TRACK  BLOCK. 


YoSr 

Compres- 
sion. 

Set. 

Remarks. 

Ptmnds. 

Inch. 

Inch. 

" 

6,000 

0. 

0. 

IniUal  load. 

50,000 

.0006 

0. 

100,000 

.0012 

0. 

160,000 

.0017 

0. 

200,000 

.0021 

0. 

260,000 

.0025 

0. 

800,000 

.0028 

0. 

850,000 

.0082 

0. 

400,000 

.0085 

0. 

450,000 

.0038 

0. 

600,000 

.0041 

.0001 

560,000 

.0046 

.0006 

600,000 

.0062 

.0011 

650.000 

.0062 

.0020 

700,000 

.0069 

.0026 

760,000 

.0077 

.0088 

800,000 

.0064 

.0041 

100,000 

.0049 

200,000 

.0066 

800,000 

.0061 

400,000 

.0066 

600,000 

.0071 

600.000 

.0076 

700,000 

.0061 

800,000 

.0066 

700,000 

.0068 

600,000 

.0079 

660.000 

.0074 

400,000 

.0069 

800,000 

.0061 

200,000 

.0068 

100,000 

1 

.0062 

.'ooii" 

BOGKEB  BLOCK  AND  TBAOK  BLOCKS. 
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OBSERVATIONS  ON  CASTS  TEEL  {EVERETT)  TRACK  BLOCK;  TRANS- 
VERSE GAUGED  LENGTH  6". 

No.  10446e. 

[\"  from  the  working  face.] 


Applied 
loads. 

Lateral 
movement. 

Set. 

Remarks. 

Pounds. 

6,000 
200,000 
400.000 
600,000 
800,000 
600,000 
400,000 
200,000 

5.000 

Inch, 

0. 

.0010 
.0016 
.0019 
.0021 
.0019 
.0016 
.0010 

Inch, 
0. 

Initial  load. 

Movement  is  an  Inward  one.  a  contraction  in  the  width 
of  the  block. 

0. 

[f/*  ganged  length,  {"  from  the  working  face.] 


5,000 
200,000 
400,000 
600.000 
800,000 
600,000 
400,000 
200,000 

200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 
100,000 
60,000 

0. 
.0004 
.0006 
.0007 
.0006 
.0006 
.0006 
.0006 

.0004 
.0006 
.0006 
.0006 
.0006 
.0005 
.0004 
.0008 
.0001 

0. 

Initial  load. 

Movement  is  a  contxaction  in  width. 

0. 

0. 

[6^  gauged  length,  li^  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

0. 
+  .0001 
0. 

-  .0001 

-  .0008 

-  .0001 
0. 

+  .0001 

0. 

Initial  load. 

Movement  is  a  contraction  in  width  at  200,000  jponnds, 
return  to  original  length  at  400,000  pounds,  and  an  ex- 
pansion at  600,000  and  800,000  pounds. 

6. 
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OBSERVATIONS  ON  CAST  STEEL   (EVERETT)  TRACK  BLOCK,   ETC.— 

Continued. 

[6*  gauged  length,  2}^  from  the  working  face.] 


^sr 

Lateral 
movement 

Set. 

Inch. 
0. 

Remarka 

Pfmndt. 
6,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 
100,000 

Inch. 

0. 

0. 

.0008 
.0006 
.0009 
.0006 
.0004 
.0001 
.0001 

Movement  ia  an  expansion  in  width. 

0. 

5.000 
200.000 
400.000 
600,000 
800.000 
600,000 
400,000 
200.000 


[5^  gauged  length,  ^\"  from  the  working  face.] 


.0002 
.0006 
.0010 
.0014 
.0011 
.0007 
.0004 


Initial  load. 

Movement  i8  an  expansion  in  width. 


[W  gauged  length  A\^  from  the  working  face.] 


5,000 
200,000 
400,000 
600,000 
800,000 
600,000 
400,000 
200,000 

0. 
.0004 
.0006 
.0013 
.0016 
.0014 
.0011 
.0006 

0. 

Inidal  load. 

Movement  is  an  expansion  in  width. 

0. 

[fif*  gauged  length  ^  from  the  working  face.] 


200.000 
400,000 
600,000 
800.000 
600,000 
400,000 
200,000 
100,000 
50,000 

0. 
.0005 
.0010 
.0016 
.0021 
.0019 
.0016 
.0009 
.0006 
.0008 

0. 

Initial  load. 

Movement  is  an  expansion  in  width. 

0. 

1 

i)IiSERVATIONS  ON  THE  CAST  STEEL  ROCKER  BLOCK;  TRANSVERSE 

GAUGED  LENGTH  6''. 


[Tak 

en  y  from  the  working  face.] 

Applied 
loads. 

Lateral 
movement 

Set. 

Remarks. 

Pounds. 
6,000 
200.000 
400,000 
000.000 
800,000 
600,000 
400,000 
200,000 

Inch. 
0. 
.0005 

.0009 
.0013 
.0016 
.0014 
.0010 
.0006 

Inch. 
0. 

Initial  load. 

Movement  is  a  contraction  In  width. 

0. 

BOOESR  BLOCK   AlO)  TBAOK   BLOOKS* 
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0B8ERVA  TIONS  ON  THE  CAST  STEEL  ROCKER  BLOCK,  ^7Y7.— Continued. 
[y  gauged  lenth  i"  from  the  working  lace.} 


Applied        Lateral 
loads^     imorement. 

Set. 

Remarks. 

Potmdt. 

2001000 
400^000 
600,000 

800.  OID 

Inch. 

0. 
.0001 
,00(H 
.0001 
.0008 

Indi. 
0. 

Initial  load. 

M orenMBi  Is  a  eontraeticm  in  wi4tb. 

6DO.00&             .flOOR 

400.000 
200,000 

,0002 

,0001 

0. 

6,000 
200,000 
400,000 
600,000 
600.000 
600,000 
400.000 
200,000 


[5^  gauged  length  li''  from  the  working  Ibce.) 


6,000 
200,000 
400,000 
600,000 
800.000 
600,000 
400,000 
200.000 

0. 
.0001 

.0008 

.0004 
.0006 

.0002 
.0001 

0. 

Initial  load. 

Movement  ia  an  expansion  in  width. 

0. 

0. 
.0002 
.0005 
.0006 
.0010 
.0006 
.0006 
.0008 


[&"  gauged  length  2|"  from  the  working  face.] 
0. 


Initial  load. 

Movement  in  an  expansion  in  width. 


[5"  gauged  length  8i"  from  the  working  face.] 


5.000 
200,000 
400.000 
600,000 
800,000 
600,000 
400.000 
200,000 

0. 
.0004 
.0007 
.0010 
.0014 
.0011 
.0008 
.0004 

0. 

Initial  load. 

Movement  is  an  expansion  in  width. 

0. 

[5"  gauged  length  4\"  from  the  working  face.] 


5.000 
200,000 
400.000 
600,000 
800,000 
600.000 
400,000 
200,000 

0. 
.0004 

.0008 
.0011 
.0015 
.0018 
.0010 
.0005 

0. 

Initial  load. 

Movement  is  an  expansion  in  width. 

0. 

[5^'  gauged  length  5"  from  the  working  face.] 


5,000 
200.000 
400.000 
600,000 
800,000 
600,000 
400.000 
200.000 
100,000 
60.000 

0. 
.0005 

.0011 
.0016 
.0019 
.0017 
.0018 
.0007 
.0004 
.0002 

0. 

InitUI  load. 

Movement  is  an  expansion  in  width. 

0.+ 
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Obssryations  on  the  Direct  Compression  op  the  Blocks 

Renewed. 

Gauged  lengths, 

/o" 


<-       / 

a"       -^ 

<-     <  «. 

-">     -> 

-<^ 


CAST  STEEL  {EVERETT)  TRACK  BLOCK,  5''  GAUGED  LENGTH, 

No.  10446f. 

[Side  A,  y  from  sides  of  blocks.] 


Applied 
loadB. 

Ck)mprefl- 
8ion. 

Set. 

Remarks. 

Pounds. 
5,000 
100,000 
200,000 
800,000 
400,000 
600,000 
600,000 
700,000 
800,000 
700.000 
600,000 
600,000 
400,000 
300,000 
200,000 
100,000 

Inch. 

0. 

.0024 
.0048 
.0058 
.0074 
.0088 
.0102 
.0116 
.0129 
.0118 
.0106 
.0094 

Inch. 
0. 

Initial  load. 

::.; 

.0080 
.0066 
.0047 
.0027 

.:..:: 

.666i 

[5"  gauged  length,  side  B,  i"  from  the  sides  of  the  blocks.] 


5,000 
100,000 
200,000 
800,000 
400,000 
600,000 
600,000 
700,000 
800,000 
700,000 
600,000 
600.000 
400,000 
800,000 
200,000 
100,000 

0. 
.0028 
.0048 
.0067 
.0085 
.0101 
.0117 
.0183 
.0148 
.0136 

0. 

Initial  load. 

.0121 
.0107 
.0091 
.0078 
.0063 
.0030 

............ 

■"6: 
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CAST  STEEL  (EVERETT)  TRACK  BLOCK,  6''   GAUGED   LENGTH— Con- 

tinued. 

[lO''  gauged  length,  side  A,  i"  from  aides  of  the  blocks.] 


AppUed 
lo^. 

Compres- 
sion. 

Set. 

Remarks. 

PomuU. 
6,000 
100,000 
200,000 
800,000 
400,000 
500,000 
600,000 
700,000 
800,000 

Inch. 

0. 
.0026 
.0046 
.0068 
.0079 
.0098 
.0109 
.0126 
.0189 

Inch. 
0. 

Initial  load. 

0. 

[10^  ganged  length  at  middle  of  width  of  blocks.] 


6,000 
100,000 
200,000 
800,000 
400,i)00 
600.000 
600,000 
700,000 
800,000 

0. 
.0011 
.0021 
.0081 
.0041 
.0061 
.0060 
.0069 
.0079 

0. 

Initial  load. 

0. 

[lO''  gauged  length,  side  B,  y  from  sides  of  the  blocks.] 


5,000 
100,000 
200,000 
800,000 
400,000 
600,000 
600,000 
700,000 
800,000 

0. 
.0027 
.0049 
.0069 
.0088 
.0106 
.0124 
.0140 
.0157 

0. 

Initial  load. 

• 

0. 

[10"  gauged  length,  3\"  from  side  A.] 


5,000 
100,000 
200,000 
800,000 
400,000 
600,000 
600,000 
700,000 
800,000 

0. 
.0016 
.0080 
.0048 
.0064 
.0067 
.0078 
.0090 
.0100 

0.. 

Initial  load. 

0. 

[lO''  gauged  length.  S\"  from  side  B.] 


6,000 
100,000 
200,000 
300.000 
400,000 
600,000 
600,000 
700,000 
800,000 

0. 
.0017 
.0084 
.0048 
.0068 
.0075 
.0087 
.0100 
.0114 

0. 

Initial  load. 

0. 
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Horizontal  adjusting  screws  of  testing  machine  holder  moved  one 
turn  toward  side  A. 

[Observations  repeated  on  lO^^gaoced  length  ^  from  aide  A.] 


YoSr 

Compres- 
sion. 

Set. 

Remarks. 

Pound*. 
6.000 
400,000 
800,000 
800,000 

Inch. 

0. 

.0065 
.0127 
.0131 

Inch. 
0. 

Initial  load. 

.0007 
.0011 

[10^  gauged  length  y*  from  side  B.] 


5,000 
400,000 
800,000 

0. 
.0104 
.0181 

0. 

Initial  load. 

.0001 

Adjusting  screws  moved  two  turns  in  the  direction  B,  the  blocks 
now  being  one  turn  toward  B  beyond  their  original  position. 


Applied 


Pounds. 
5.000 
400,000 
800,000 
800.000 


[10^  gauged  length  i"  from  side  A.] 


Compres- 
sion. 


Inch. 

0. 
.0140 
.0192 
.0194 


Set. 


Inch. 
0. 


Remarks. 


Initial  load. 


[10»  gauged  length  i"  from  side  B.J 

5,000 
400,000 
800,000 

0. 
.0066 
.0125 

0. 

Initial  load. 

.0004 

BOOKEB   BLOCK    AND   TBAOK    BLOCKS. 
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TSV8ILE  TESTS— 8PBCIMEH8  FEOK  EOCKEE  BLOCK  AHD  TRACK 

BLOCKS. 

No.  7456. 

Specimen  from  cast  steel  roeker  block. 

Marks,  R. 

Diameter  ".664. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

rauare 

inch. 

Elongation 
per  inch. 

SnccesBiye 
elongation 
per  inch. 

Permanent 

set. 

Succeflstve 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
81,000 
82,000 
88,000 
84,000 

Jneh. 
0. 
.000188 
.O0QQ67 
.000688 
.001067 
.001100 
.001183 
.001200 
.001267 

Inch. 
0. 
.000188 
.000184 
.000866 
.000484 
.000033 
.000033 
.000067 
.000067 
.000066 
.000167 
.000100 
.000200 
.000983 
.001600 
.001567 
.001600 
.001667 
.001883 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

0. 
.000088 

0. 
.000088 

Elastic  limit 

86,000          .001883 
86,000          .001600 
87,000    1      .001600 

.000183 

.000100 

88,000 
40.000 
42.000 
44,000 
46,000 
48,000 

.001800 
.002783 
.004833 
.006000 
.007600 
.009167 

50,000 
76,020 

.011000 



• 

1 

Tensile  strensrth. 

1 

Oeneral  summary. 

Tensile  ttrength  per  square  inch  of  original  section pounds..    75,920 

Eiastio  limit  per  square  inch  of  original  section do...    82,000 

Elonfcation  per  inch  after  rupture inch..       .068 

Elongation  per  inch  under  strain  at  elastic  limit do...  .001138 

Reduction  in  diameter  at  point  of  rupture do...       .024 

Reduction  in  area  after  rupture,  per  cent  of  original  section 8.4 

Position  of  rupture 1.^8  from  neck 

Character  of  hroken  surface granular,  silvery  luster 

Elongation  of  inch  Bections ^05,  ''.06*.  ".06 
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BOOKEB   BLOCK    AND   TBACK    BLOCKS. 
No.  7456. 


Specimen  from  cast  iron  track  block. 

Marks,  C  I. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


loaasper 
square 
inch. 

Elongation 
per  inch. 

Inch. 
0. 
.000067 
.000100 
.000133 
.000167 
.000267 
.000300 
.000367 
.000400 
.000467 
.000667 
.000688 
.000667 
.000733 
.000833 
.000933 
.001000 
.001067 
.001133 
.001233 
.001333 
.001433 
.001533 
.001633 
.OOl'^ 
.001900 
.002067 
.002233 
.002-.00 
.002700 

SucceflBive 
elongation 
per  inch. 

Permanent 
set. 

Inch. 
0. 

Successive 

permanent 

set. 

Remarks. 

Pound*. 
1,000 
2,000 
8,000 
4,000 
6,000 
6,000 
7,000 
8.000 
9,000 
10,000 
11,000 
12,000 
13,000 
14.000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29.000 
30,000 
33,120 

Inch. 
0. 
.000067 
.000033 
.000033 
.000034 
.000100 
.000033 
.000067 
.000083 
.000067 
.000100 
.000066 
.000084 
.000066 
.000100 
.000100 
.000067 
.000067 
.000066 
.000100 
.000100 
.000100 
.OOOIOU 
.000100 
.000100 
.000167 
.000167 
.000166 
.000167 
.000300 

Inch. 
0. 

Initial  load. 

0. 

0. 

0. 

0. 

.000038 

.000083 

1 

Tensile  strength. 

.000133 

.000100 

.000300 

.000167 

.000838 

.000533 

(ienerai  mimnum/. 

Tensile  strength  per  square  inch  of  oriffiniil  Poction pounds..  83,120 

Position  of  rupture 1^.46  from  neck 

Character  of  broken  surface granular,  gray,  granitic 


BOCKEB   BLOCK   AND   TRACK    BLOCKS. 
No.  7457. 

Specimen  from  cast  steel  (Midvale)  track  block. 

Marks,  M. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loaosper 

square 

inch. 

Elongation 
perinch. 

Succeasive 
elongation 
perinch. 

Permanent 
set 

Succeniye 

permanent 

set. 

Remarks. 

Pounda. 

6,000 
10,000 
20,000 
80,000 
81,000 
82,000 
83,000 
84,000 
86,000 
86,000 
88,000 
89,000 
40,000 
41,000 
42,000 
48,000 
44,000 
46,000 
48,000 
60,000 
88,400 

Inch, 
0. 

.000100 
.000800 
.000667 
.001067 
.001100 
.001167 
.001288 
.001267 
.001883 
.001488 
.001567 
.001683 
.001867 
.002167 
.008067 
.008883 
.004788 
.006888 
.006083 
.009667 

Inch, 
0. 
.000100 
.000200 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 
Elastic  limit 

Tensile  strength. 

.000667 
.000400 
.000083 

.000067 
.000066 
.000064 
.000066 
.000100 
.000184 
.000066 
.0UU2S4 
.000800 
.000900 
.000766 
.000900 
.001600 
.001700 
.001684 

0. 
.000067 

6. 
.000067 

1 

1 

! 

.oooiss  1     .066066 

1 

, 

.000600 

.000367 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..    88,400 

Elastic  limit  per  square  inch  of  original  section do...    34,000 

Elongation  per  incn  after  rupture inch,.       .118 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001267 

Reduction  in  diameter  at  point  of  rupture do...       .044 

Reduction  in  area  after  rupture,  per  cent  of  original  section 16. 0 

Position  of  rupture ".85  from  neck 

Character  of  broken  surface granular,  silvery  luster 

Elongation  of  Inch  sections ^18*, 'Ml,  ".10 
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BOOKEB   BLOCK    AT^D   TBAOK   BLOCKS. 
No.  7458. 


Specimen  from  forged  steel  track  block. 

Marks,  F. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

Elongation 
perinch. 

Successive 
elongation 
perinch. 

Permanent 
set. 

Successive 

permanent 

set 

Remarks. 

Pound*. 
1,000 
5,000 
10,000 
20,000 
80,000 
81,000 
82,000 
83,000 
84,000 
85,000 

36,000 

87,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
81,620 

Inch. 
0. 
.000100 

.000700 
.001100 
.001133 
.001200 
.001233 
.001267 
.001300 
f    .001400 
1     .004100 
.006833 
.007267 
.007767 
.006600 
.009267 
.010333 
.011000 
.012367 
.012783 

Inch. 
0. 

.000100 
000288 
.000367 
.000400 
.000033 
.000067 
.000033 
.000084 
.000033 
.000100 
.002700 
.002233 
.000934 
.000500 
.000833 
.000667 
.001066 
.000667 
.001367 
.000866 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

0. 
0. 

0. 
0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    81, 6Q0 

Elastic  limit  per  square  inch  of  original  section do. . .    85, 000 

Elongation  per  inch  after  rupture inch . .         .21 

Elongation  per  Inch  under  strain  at  elastic  limit do. . .  .  001300 

Reduction  in  diameter  at  point  of  rupture do...       .114 

Reduction  In  area  after  rupture,  per  cent  of  original  section 36.4 

Position  of  rupture 1^.05  from  neck 

Character  of  broken  surface granular  75  per  cent,  silky  25  per  cent 

Elongation  of  inch  sections ".14, '\21.  ".28* 


BOCKEB   BLOCK    AND   TBAOK    BLOCKS. 

No.  7459. 

Specimen  from  cast  steel  (Everett)  track  block. 

Marks,  E. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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AppUed 

loads  per 

square 

inch. 

Elonsration 
per  inch. 

Successive 
elongation 
per  inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pound*. 
1,000 
6,000 
10,000 
20,000 
80,000 
31,000 
82,000 
33,000 
34,000 
36.000 
36,000 

37,000 

38,000 
39,000 
40,000 
41,000 
42,000 
48,000 
44.000 
46,000 

Inch, 
0. 

.000167 
.000383 
.000783 
.001100 
.001183 
.001200 
.001283 
.001267 
.001800 
.001400 
/    .002333 

Inch. 
0. 

.000167 
.000166 
.000400 
.000867 
.000038 
.000067 
.000083 
.000084 
.000083 
.000100 
.000933 

Inch, 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 
Elastic  limit. 

6.              1    6. 
0.              '    0. 

1 

1 

1 

t    .006383    ,      .004000 
.007400    1      .001067 
.007833          .000433 
.008667    1      .000834 
.009833          .000666 
.010600    1      .001167 
.011100          .000600 
.011900          .000800 
.013000          .001100 

1 

1 

1 

81,960 

1.    ,. 

Tensile  strength. 

1 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    81, 960 

Elastic  limit  pei  sauare  inch  of  original  section do. . .    36, 000 

Elongation  per  inch  after  rup  ture i nch . .       .223 

Elongation  per  inch  under  strain  at  elastic  limi  t do ...  .  001300 

Reduction  in  diameter  at  point  of  rupture do. . .       .104 

Reduction  in  area  after  rupture,  per  cent  of  original  section 83.6 

Position  of  rupture 1".  40  from  neck 

Character  of  hroken  surface silky  80  per  cent,  granular  20  per  cent 

Elongation  of  inch  sections ".23,  ^^29*,  ".16 

TABULATION  OF  TENSILE  SPECIMENS  FROM  ROCKER  BLOCK  AND 

TRACK  BLOCKS. 


No.  of 
test. 

Mark 
on 
speci- 
men. 

Diam- 
eter. 

Sec- 
tional 
area. 

Elastic 
limit 
per 

square 
inch. 

Pmmdtt. 
32,000 

34,000 
85,000 

36,000 

Tensile 
strength 

per 
square 
inch. 

Elon- 
gation. 

Con- 
trac- 
tion of 
area. 

Appearance  of  frac- 
ture. 

Elongation  of 
inch  sections. 

7465 
7466 

R 

C.I... 
M  .... 
F 

E 

Inch. 
.664 

.664 

.564 

.664 

.664 

Sq.inch. 
.26 

.26 

.25 

.26 

.26 

Pounds. 
76,920 

33,120 

88,400 

81,620 

81,960 

Pfarct. 
5.3 

Perct. 

8.4 

Granular,     silvery 

luster. 
Granular,  gray,  gra- 
nitic. 
Granular,     silvery 

luster. 
Granular     76     per 

cent,  silky  26  per 

cent. 
Silky  80  per  cent, 

granular  20   per 

cent 

n       n     It 
.06,   .06»,.06 

7467 
7456 

7460 

11.3 
21.0 

22.8 

16.0 
86.4 

33.6 

.13*,.ll,   .10 
.14,   .21.   .28* 

.23,   .29*,. 16 
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BOCKEB   BLOCK    AND   TBAOK    BLOCKS. 


C0MPBE88I0V   TESTS. 


-SPEGIMEV8   FBOM   EOCKEE   BLOCK   AHD 
TEACK  BLOCKS. 

No.  1178. 


Specimen  from  cast  steel  rocker  block. 

Marks,  R. 

Total  length,  5." 

Diameter,  1".00. 

Sectional  area,  .7854  square  inch. 

Gauged  length,  4." 


Applied 

loads  per 

square 

inch. 

Compres- 
sion per 
Inch. 

Successive 
compres- 
sion per 
inch. 

Perma- 
nent set. 

Successive 
perma- 
nent set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
11,000 
12.000 
18,000 
14,000 
15.000 
16.000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,000 
25.000 
26.000 
27,000 
28,000 
29,000 
80,000 
81.000 
82,000 
88.000 
34,000 
85,000 
86,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45.000 
88,800 

Inch, 

0. 

.000250 
.000475 
.000600 
.000625 
.000660 
.000600 
.000660 

-.000675 
000700 
.000725 
.000750 
.000800 
.000626 
.000876 
.000900 
.000960 
.000975 
.001000 
.001026 
.001075 
.001100 
.001125 
.001175 
.001225 
.001260 
.001300 
.001360 
.001400 
.001460 
.001625 
.001660 
.001975 
.008875 
.006000 
.005760 
.006360 
.007125 

Inch. 
0. 
.000260 
.000225 
.000025 
.000025 
.000026 
.000050 
.000050 
.000025 
.000025 
.000025 
.000025 
.000050 
.000025 
.000050 
.000025 
.000050 
.000025 
.000025 
.000025 

.oooaw 

.000025 
.000025 
.000060 
.000060 
.000025 
.000050 
.000060 
.000060 
.000050 
.000075 
.000125 
.000325 
.001400 
.001625 
.000760 
.000600 
.000775 

Inch. 
0. 
.000025 
.000060 

Inch. 
0. 
.000025 

Initial  load. 

Elastic  limit,  approximate. 
Ultimate  strength. 

.000060 

0. 

1 

.666166 

.000060 

.666166 

0. 



.000125 

.066625 

.000225 

.000100 



.666760 

.000525 

.665625 

.004875 

Failed  by  triple  flexure. 


ROOKEB   BLOCK    AND   TRACK    BLOCKS. 
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No.  1177. 

Specimen  from  cast  iron  track  block. 

Marks,  CI. 

Total  length,  6". 

Diameter,  1".00. 

Sectional  area,  .7854  square  inch. 

Gauged  length,  4". 


I 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28.000 
29,000 
30,000 
81,000 
32,000 
33,000 
34,000 
85,000 
86,000 
37,000 
88,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
102, 100 


1                             ! 

Pennanent 
set. 

Inch. 
0. 

Successive ' 

permanent  |                        Remarks, 
set 

,      Inch.            Inch. 

0.                   0. 
1      .000075          .000075 

Inch. 
0. 

Initial  load. 

.  000125          .  000050 



1      .000225          .000076 
.000275          .000060 

0. 

0. 

'      .000325    1      .000060 

.000350    >      .000025 

.000425 
.000475 
.000500 
.000.575 
.000625 
.000675 
.000725 
.000775 
.000825 
.000875 
.000925 
.000975 
.001025 
.001100 
.001175 
.001225 
.001300 
.001350 
.001425 
.001475 
.001550 
.001625 
.001700 
.001825 
.001925 
.002000 
.002100 
.002250 
.002400 
.002500 
.002675 
.002925 
.003150 
.003350 
.0a3600 

.oais5o 

.004260 
.004575 
.004875 
.005225 
.005600 
.006050 


.000075   ... 

.000050  !  0. 

.000025  ... 

.000075  '... 

.000050  I... 

.000060  I..., 

.000050 

.000050 

.000060 

.000050 

.000050 

.000060 

.000050 

.000075 

.000075 

.000060 

.000075 

.000060 

.000075 

.000060 

.000075 

.000075 

.000075 

.000125 

.000100 

.000075 

.000100 

.000150 

.000150 

.000100 

.000175 

.000250 

.000225 

.000200 

.000250 

.000250 

.000400 

.000326 

.000300 

.000360 

.000375 

.000450 


000025 


.000075  I   .000050 


000200 


.000450 


-1. 


.001825 


003450 


.000125 


.000250 


.000875  I   .000426 


.000950 


.001625 


I 


Ultimati;  strcnKth. 


Failed  by  triple  flexure. 
H.  Doc.  335 11 
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BOOKER   BLOOK    AND   TRACK    BLOCKS. 
No.  1179. 


Specimen  from  cast  steel  (Midvale)  track  block. 

Marks,  M. 

Total  length,  5". 

Diameter,  1".00. 

Sectional  area,  .7854  souare  inch. 

Gauged  length,  4". 


Applied 

loads  per 

square 

inch. 


I*uund*. 
1,000 
5,000 
10,000 
11,000 
12.000 
13,000 
14,000 
15,000 
16,000 

ir,ooo 

18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25.000 
26,000 
27,000 
28.000 
29,000 
30,000 
57,800 


Compre«- 

slon  per 

in  en. 


iTich. 
0. 
.000100 
.000275 
.000360 
.000400 
.000425 
.000475 
.000500 
.000500 
.000500 
.000600 
.000650 
.000825 
.001050 
.001625 
.002100 
,002750 
.008775 
.004600 
.005750 
.007060 
.008050 
.009075 


Successive 
compres- 
sion per 
inch. 


Inch. 

0. 
.000100 
.000176 
.000075 
.000050 
.000025 
.000050 
.000025 

0. 

0. 
.000100 
.000050 
.000175 
.000225 
.000575 
.000475 
.000650 
.001025 
.000825 
.001150 
.001300 
.001000 
.001025 


IVrmanent 


SucccsHlve 
permanent 

set. 


Remarks. 


Inch.  Inch.       ' 

0.  0.  Initial  load. 

.000026  .000025 

.000100  .000075 


.000100         0. 


.000300     I      .000200 


.003025    I       .002725 


Elastic  limit. 


.008100    I      .005075 


Ultimate  titreugth. 


Failed  by  triple  flexure. 


BOOKER   BLOOK    AND   TRACK    BLOCKS. 
No.  1180. 

Specimen  from  forged  steel  track  block. 

^la^ks,  F. 

Total  length,  6". 

Diameter,  1".00. 

Sectional  area,  .7854  souare  inch. 

Gauged  length,  4". 
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Applied 

sqimre 
inch. 

Compres- 
sion per 
inch. 

Soocefesiye 

sion  per 
inch. 

Peimanent 
set. 

Suoceasive 

pcgrmanent 

set. 

Remarks. 

PoumU. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
80,000 
35,000 
86,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
79,800 

Inch. 
0. 

.000075 
.000200 
.000650 
.000600 
.000660 
.000660 
.001160 
.001260 
.001400 
.002260 
.002875 
.008625 
.004160 
•004760 
.006700 
.006600 
.007225 

Inch. 
0. 

.000075 
.000125 

Inch. 
0. 
0. 

InelL 
0. 
0. 

Initial  load. 
Elantic  limit. 

L'ltimate  strength. 

.000160 

.000160 

.000150 

.000200 

.000600 

.000100. 

.000160 

.000660 

.000625 

.000760 

.000525 

.000600 

.000950 

.000800 

.000725 



0. 

0. 

0. 

0. 

.002275 

.002275 

.006660 

.006875 

Failed  by  triple  flexure. 
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BOOKER   BLOCK    AND   TBAOK   BLOCKS. 
No.  1181. 


Specimen  from  cast  steel  (Everett)  track  block. 

Marks,  E. 

Total  length,  6". 

Diameter,  1".00. 

Sectional  area,  .7854  square  inch. 

Gauged  length,  4". 


Applied 

loads  per 

square 

inch. 

Pound*. 
1.000 
5.000 
10.000 
11,000 
12,000 
13,000 
14.000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
57,000 

Compres- 
sion per 
inch. 

SucceRsive 
compres- 
sion per 
inch. 

Inch. 
0. 

.000060 
.000200 
.000025 
.000025 
.000050 
.000025 
.000050 
.000025 
.000050 
.000025 
.000025 
.000100 
.000275 
.00W75 
.000375 
.000975 
.000750 
.001000 
.001026 
.001175 
.000950 
.000850 

Permanent 
set. 

Inch. 
0. 
0. 
0. 

Successive 

permanent 

set. 

Inch. 
0. 
0. 
0. 

Remarks. 

Inch. 
0. 
.000050 
.000250 
.000275 
.000300 
.000650 
.000375 
.000425 
.000450 
.000600 
.000525 
.000550 
.000650 
.000925 
.001400 
.001775 
.002750 
.003500 
.004600 
.006526 
.006700 
.007650 
.008600 

Initial  load. 
Elastic  limit. 
Ultimate  strength. 

.000025 

.000025 

.000125 

.000100 

.002725 

.002600 

.007625 

.004900 



Failed  by  triple  flexure. 


TABULATION  OF  COMPRESSIVE  SPECIMENS  FROM  ROCKER  BLOCK 
AND  TRACK  BLOCKS. 


No.  of 
test.    I 


Mark  on 
specimen. 


1178  I  R.. 
1177  C.  I 

1179  I  M.. 

1180  :  F.. 

1181  I  E.. 


Total 

Diam- 

i 
Sectional 

length. 

eter. 

'     area. 

1 

Inches. 

Inch. 

'  Sq.  inch. 

5 

1.00 

,      .7854 

6 

1.00 

.7m 

5 

1.00 

'      .7854 

6 

1.00 

,       .78.W 

6 

1.00 

'      .7854 

Compres- 

Elastic 

sive 

limit  per 

strength 

square 

per 

inch. 

square 

Inch. 

Pounds. 

Pounds. 

a37,000 

8:^,300 

102,100 
57,800 

19,000 

35,000 

79,300 

19,000 

57,000 

Manner  of  failure. 


Triple  flexure. 
Do. 
Do. 
Do. 
Do. 


a  Appropriate. 
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Second  Series. 


Strength  and  Eix)ngation  of  Wrought  Iron  Bars  after  Treat- 
ment BY  Heating  to  a  Full  Yellow  Heat  and  (Pooling  in 
Air,  Water,  and  Oil. 

Finished  bars  were  treated  and  threaded  ends  subsequently  cleaned 
in  the  lathe;  stems  of  specimens  not  redressed. 
Specimens  of  this  series  were  turned  down  from  li"  rolled  rods. 

No.  7474. 

Common  Refined  Iron. 

Heated  full  yellow  and  cooled  in  air. 

Diameter,  ".794. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


1 

Applied 

loads  per 

square 

inch. 

In  gauged  length. 

' 

Elonga- 
tion. 

Set. 

RcmarkM.                                            I 

1 
1 

1    Pounds. 
1         1,000 
1         5,000 
10,000 
16,000 
20,000 
25,000 
30,000 
31,000 
32,000 
33,000 
34,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
40,000 
42,000 

Inches. 
0. 
.0008 
.0021 
.0031 
.0043 
.0055 
.0069 
.0072 
.0076 
.0079 
.0082 
.0263 
.0380 
.1015 
.1100 
.1320 
.1465 
.1660 
.22 
.27 

Inch. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0003 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=26.3  per  cent. 

44  000    I          -34 

40,000 
48,000 
50,000 
52,000 
52,440 
0 

.43 

.53 

.69 

1.07 

1.36 

1.58 

Elongation  of  inch  sections,  ".19,  ".21,  ".23,  ".49*,  ".25, 
Diameter  at  fracture,  ".59;  area,  .2734  square  inch. 
Contraction  of  area,  45.3  per  cent. 
Appearance  of  fracture,  fibrous. 


.21. 


WBOUGHT  IRON. 

No.  7475. 

Common  Refined  Iron. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  ".795. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Grauged  length,  6". 
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Applied 

loads  per 

square 

fncb. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Foundt. 
1,000 
5,000 
10,000 
16,000 
20,000 
25,000 
80,000 
31,000 
32,000   ' 
33,000 
84,000 
85,000 
86,000 
87,000 
88,000 
39,000 
40,000 
41,000 
42,000 
43.000 
44.000 
46.000 
48,000 
60,000 
62.000 
64.000 
66,000 
56,400 
0 

Inch. 

0. 

.0009 
.0020 
.0031 
.0041 
.0064 
.0071 
.0078 
.0084 
.0092 
.0108 
.0130 
.0180 
.0360 
.0660 
.0726 
.0860 
.0970 
.1186 
.1420 
.1610 
.20 
.27 
.84 
.42 
.63 
.74 

Inch. 

0. 

0. 

0. 

0. 

0. 

.0001 
.0009 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=16.2  per  cent. 



.0069 

.0763 

.91 

Elongation  of  inch  sections,  ".12,  ".09,  ".12,  ".12,  ".15,  ".31*. 
Diameter  at  fracture,  ",67;  area,  .3526  square  inch. 
Contraction  of  area,  29.5  per  cent. 
Appearance  of  fracture,  fiorous. 

H.  Doc.  335 12 
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No.  7476. 

Common  Refined  Iron. 

Heated  full  yellow  and  quenched  in  water. 

Diameter,  ".796. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


Applied 

looOBper 

sqiMire 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Bet. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25.000 
26,000 
27,000 
28,000 
29,000 
90,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52.000 
54,000 
56,000 
58,000 
60,000 
60,400 
0 

Inch. 

0. 

.0011 
.0023 
.0039 
.0052 
.0073 
.0078 
.0082 
.0088 
.0093 
.0101 
.0109 
.0118 
.0126 
.0143 
.0164 
.0197 
.0340 
.0510 
.0680 
.1010 
.1360 
.1770 
.23 
.29 
.36 
.46 
.60 
.83 

Inch. 

0. 

0. 

.0001 
.0002 
.0008 
.0015 

Initial  load. 

Tensile  strength. 
=16. 7  per  cent. 

.0082 

.0086 

.0413 

i.66 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".32»,  ".13,  ".13,  ".13,  ".14, 

Diameter  at  fracture,  ".60;  area,  .2827  square  inch. 

Contraction  of  area,  43.5  per  cent. 

Appearance  of  fracture,  nbrous. 


M5. 


WBOUGHT   IKON. 

No.  7477. 

Best  Puddled  Iron. 

Heated  full  yellow  and  cooled  in  air. 

Diameter,  ".796. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  T\ 

Grauged  length,  6". 
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Applied 

loads  per 

square 

iDCh. 

In  ganged  length. 

Elongar 
tion. 

Set. 

1,000 
6,000 
10,000 
15,000 
20,000 
25,000 
80,000 
81,000 
82,000 

82,000 
88,000 
84,000 
85,000 

S'SS 
87,000 

88,000 

40,000 

42,000 

44,000 

46,000 

48,000 

60,000 

61,600 

0 

Incha. 
0. 

.OOU 
.0024 
.0067 
.0049 
.0060 
.0076 
.0060 
.0840 
.0660 
.0700 
.0660 
.1000 
.1180 
.1820 
.1580 
.1770 
.24 
.29 
.87 
.46 
.68 
.77 

Inch. 

0. 
.0001 
.0001 
.0002 
.0002 
.0008 
.0009 

Initial  load.' 
Elastic  limit. 

TensUe  strength. 
<-25.2  per  cent. 

.1095 

1.61 

,,  ".38*,  "29. 


Elongation  of  inch  sections,  ".19,  ".19,  ".__,    .__  , 
Diameter  at  fracture,  ".64;  area,  .3217  square  inch. 
Contraction  of  area,  35.7  per  cent. 
Appearance  of  fracture,  nbrous. 


.24. 
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No.  7478. 


Best  Puddled  Iron. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  ".797. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set.    . 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
26,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
62,000 
64,000 
65,760 
0 

Inches. 
0. 
.0009 
.0019 
.0080 
.0041 
.0054 
.0069 
.0074 
.0090 
.0100 
.0120 
.0160 
.0230 
.0400 
.0620 
.0880 
.1190 
.1600 
.21 
-.28 
.34 
.43 
.55 
.74 

Inch. 
0. 
0. 
0. 
0. 
0. 
.0001 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=24  per  cent. 

.0024 

.0320 

.1094 

1.44 

Elongation  of  inch  sections,  ".20,  ".22,  ".21,  ".27,  ".33*, 
Diameter  at  fracture,  ".64;  area,  .3217  square  inch. 
Contraction  of  area,  35.7  per  cent. 
Appearance  of  fracture,  nbrous. 


.21. 


WROUGHT  IRON. 

No.  7479. 

Best  Puddled  Iron. 

Heated  full  yellow  and  quenched  in  water. 

Diameter,  ".797. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 
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AppUed 

loads  per 

square 

inch. 

In  gau«red  lensrth. 

RemarkH. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
82,000 
84,000 
86,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52.000 
54,000 
56,000 
57,120 
0 

Inch, 

0. 

.0009 
.0020 
.0084 
.0088 
.0041 
.0043 
.0048 
.0051 
.0057 
.0060 
.0064 
.0069 
.0077 
.0081 
.0087 

.0102 

.0112 

.0142 

.0196 

.0800 

.0530 

.0780 

.1015 

.1400 

.17 

.24 

.80 

.88 

.48 

.65 

.82 

.85 

Inch. 
0. 
0. 
0. 
.0004 

Initial  load. 



.0010 

Tensile  strength. 
=  14.2  per  cent. 

.0022 

.0050 

.0685 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".19,  ".13,  ".15,  ".14,  ".12,  ".12. 
Diameter  at  fracture,  ".67;  area,  .3526  square  inch. 
Contraction  of  area,  29.5  per  cent. 

Appearance  of  fracture,  nbrous,  trace  of  granulation.     Fractured 
outsiae  the  6-inch  gauged  length. 
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WBOUGHT  IBON. 
No.  7480. 


Burden's  Best  Iron. 

Heated  full  yellow  and  cooled  in  air. 

Diameter,  ".797. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


AppUed 

loadnper 

eqnare 

inch. 

In  ganged  lengrth. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
15,000 
20,000 
26,000 
80,000 
84,000 
86,000 
81.000 
80,000 
81,000 
82,000 
88,000 
84.000 
86,000 
88,000 
40.000 
42,000 
44,000 
46,000 
48,000 
60,000 
60,120 
0 

Inches. 
0. 

.0010 
.0020 
.0081 
.0042 
.0068 
.0068 
.0071 
.0078 
.0180 
.0280 
.0650 
.1260 
.1540 

Inch. 

0. 

0. 

0.    • 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=  28.7  per  cent. 

.1660 
.21 
.26 
.80 
.87 
.46 
.67 
.76 
1.14 

.1667 



:::;:::::::: 

1.72 

Elongation  of  inch  sections,  ".19,  ".28,  ".46*,  ".43*, 
Diameter  at  fracture,  ".56;  area,  .2376  square  inch. 
Contraction  of  area,  52.5  per  cent. 
Appearance  of  fracture,  fine  fibrous. 


.21,  ".20. 


WROUGHT  IRON. 

No.  7481. 

Burden's  Best  Iron. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  ".795. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 
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Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

ReroarlcM. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
15,000 
20,000 
25,000 
80.000 
85,000 
86,000 
87,000 
88.000 
89,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
48,000 
60,000 
62,000 
64,000 
66,000 
68,000 
60.000 
61,860 
0 

Inches. 
0. 
.0006 
.0017 
.0026 
.0086 
.0049 
.0061 
.0076 
.0081 
.0088 
.0104 
.0150 
.0518 
.0680 
.0810 
.0925 
.1090 
.1200 
.14 
.18 
.22 
.26 
.31 
.89 
.48 
.67 
.96 
1.20 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
.0008 

Initial  load. 
ElaHtio  limit. 

.0424 

.1088 

Tensile  strength. 

=  20  per  cent. 

Elongation  of  inch  sections:  ".17,  ".13,  ".11,  ".14,  ".19,  ".46*. 
Diameter  at  fracture,  ".57;  area,  .2552  square  inch. 
Contraction  of  area,  49  per  cent. 
Appearance  of  fracture,  fine  fibrous. 
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WROUGHT   IRON. 


No.  7482. 
Burden's  Best  Iron. 

Heated  full  vellow  and  quenched  in  water. 
Dianieter,  ".796. 
Sectional  area,  .50  square  inch. 
Length  of  stem,  7". 
Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
36,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43.000 
44,000 
45,000 
46.000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
60,000 
62,000 
64,000 
65,000 
66,000 
66,280 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 
0. 

.0009 

.0021 

.0035 

.0048 

.0062 

.0066 

.0070 

.0072 

.0077 

.OO&O 

.0085 

.0090 

.0093 

.0100 

.0106 

.0114 

.0122 

.0132 

.0150 

.0172 

.0190  ; 

.0220 

.0261     ' 

.0418    I 

.(M73 

.0550    I 

.0&42 

.0740 

.0849 

.0980 

.1023    ! 

.1283    , 

.1358    I 

.1590    I 

.1780    ' 

.19 

.22 

.25 

.30 

.37 

.45 

.51 

.62 

.70 

.95 


Set. 


Inch. 

0. 

0. 

0. 
.0001 
.0001 
.0008 


.0030 


Remarks. 


Initial  loiul. 


.0870 


.1637 


Tensile  strength. 
=15.8  per  cent. 


Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".10,  ".17,  ".42*,  ".10,  ".OS, 

Diameter  at  fracture,  ".57;  area,  .2552  square  inch. 

Contraction  of  area,  49  per  cent. 

Appearance  of  fracture,  fine  fibrous. 


.08" 


WROUGHT   IROK. 
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No.  7483. 
Norway  Iron. 

Heatea  full  yellow  and  cooled  in  the  air. 
Diameter,  ".792. 
Sectional  area,  .50  square  inch. 
Length  of  stem,  7". 
Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
18,000 
19,000 
20,000 
21,000 
20,000 
21,000 
22,000 
23,000 
24.000 
25,000 
26,000 
27,000 
28,000 
29.000 
80.000 
81,000 
32,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
39,000 
40,000 
41,000 
42,000 
42,400 
0 

Jncha. 
0. 

.0008 
.0018 
.0028 
.0083 

Inch, 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit. 
Sustained  load  3  minutes. 

.0036 



.0010 

.0170 

.0270 

.0600 

.0786 

.1360 

.1511 

.1513 

.1521 

.2060 

.2330 

.2550 

.2900 

.30 

.35 

.39 

.48 

.48 

.65 

.78 

.88 
1.00 
1.28 

.0002 



. 

.2825 

Rested  5  minutes  under  load  of  1,000  pounds  per  square  inch. 

* 

Tensile  strength. 

2.22         

=  37  per  cent. 

Elongation  of  inch  sections,  ".31,  ".79*,  ".36,  ".27,  ".25,  ".24. 

Minimum  diameter,  ".41;  area,  .1320  square  inch. 

Contraction  of  area,  73.6  per  cent. 

Bar  not  fractured.  Test  aiscontinued  before  rupture.  Load  on  bar 
when  test  was  discontinued,  13,000  pounds  total= 98,480  pounds  per 
square  inch. 
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WROUGHT   IRON. 


No.  7484. 

Norway  Iron. 

Heated  full  yellow  and  quenched  in  oil. 

Diameter,  ".797. 

Sectional  area,  .50  square  inch. 

Length  of  stem,  7". 

Gauged  length,  6". 


looosper 
square 
inch. 

In  gauged  length. 

Remarks.                                            1 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
18.000 
19,000 

20,000 

21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
81,000 
82,000 
88,000 
84,000 
86,000 
88,000 
40,000 
42,000 
48,000 
44,000 
44,240 
0 

Inches. 
0. 

.0010 
.0021 
.0081 
.0039 
.0042 
(        .0050 
t        .0088 
.0179 
.0535 
.0775 
.0900 
.1070 
.1165 
.1460 
.1469 
.1850 
.2100 
.24 

:U 

.34 

.42 

.60 

.64 

.88 

1.00 

1.27 

1.70 

2.21 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 
?:iastic  limit. 

Rested  5  minutes  underload  of  1,000  pounds  per  square 
inch. 

Tensile  strength. 
=  36.8  per  cent 



.0040 

.1013 

.1888 

.2033 

Elongation  of  inch  sections,  ".77*,  ".35,  ".26,  ".27,  ".29,  ".27. 
Diameter  at  fracture,  ".39;  area,  .1195  square  inch. 
Contraction  of  area,  76. 1  per  cent. 
Appearance  of  f  I'acture,  iibrous. 


WROUGHT  IBON. 

No.  7486. 
Norway  Iron. 

Heated  full  yellow  and  quenched  in  water. 
Diameter,  ".796. 
Sectional  area,  .50  square  inch. 
Length  of  stem,  7". 
Gauged  length,  6". 
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Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundi. 
1,000 
6,000 
10.000 
16,000 
16,000 
17,000 
18,000 
19,000 
20.000 
21,000 
22,000 
23,000 
24,000 
26,000 
26,000 
27,000 
28,000 
29,000 
80,000 
81,000 
82,000 
38,000 
84,000 
86,000 
88,000 
40.000 
42,000 
44,000 
46,000 
46,800 
0 

Inches. 

0. 

.0006 
.0016 
.0029 
.0082 
.0087 
.0046 
.0061 
.0061 
.0076 
.0106 
.0170 
.0486 
.0640 
.0648 
.0680 
.1060 
.1168 
.1480 
.1600 
.1900 
.21 
.26 
.81 
.88 
.47 
.60 
.76 

1.19 

Inch. 
0. 
0. 
0. 
.0002 

Initial  load. 

Rested  6  minotes under  load  of  1 ,0U0  poundM  per  square  i nch. 

Tensile  strength. 
=  85.8  per  cent. 

.0020 

.< 

.0683 

.1862 

2.12 

Elastic  limit  indeiinite. 

Elongation  of  .inch  sections,  ".26,  ".24,  ".25,  ".68*,  ".43,  ".26. 

Diameter  at  fracture,  ".39;  area,  .1195  square  inch. 

Contraction  of  area,  76.1  per  cent. 

Appearance  of  fracture,  nbrous. 
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WROUGHT  IROK. 
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WBOUGHT  IBON. 

Third  Series. 
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Strength  and  Elongation  of  Wrought  Iron  Bars  Before  and 

After  Treatment. 

Rolled  bars  If  inches  diameter  treated  and  then  turned  down  to 
size  of  specimens. 

Best  Puddled  Iron. 

No.  7534. 

Specimen  in  natural  state  from  rolled  bar. 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Length  of  stem,  22". 

Gauged  length,  20". 


AppUed 

loadf),  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10.000 
15,000 
20.000 
25,000 
26.000 
27,000 
28.000 
29,000 
80,000 
31,000 
32,000 

Inches. 
0. 

.0082 
.0068 
.0104 
.0142 
.0182 
.0191 
.0202 
.0213 
.0224 
.0235 
.0250 
.0266 
.0285 
.0812 
.0722 
.1070 
.1595 

Inch, 

0. 

0. 
.0001 
.0001 
.0002 
.0007 

Initial  load. 

ElaMtic  limit.    Not  well  defined. 

.0025 

33,000 

84,000 
86,000 
36,000 
37,000 
34,000 
38,000 
89,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
62,000 
58,000 
54.000 
0 

.0465 

Rested  under  load  lo  mlnuteo. 

.16 

.19 

.24 

.27 

.83 

.39 

.48 

.57 

.66 

.75 

.88 

1.02 

1.17 

1.30 

1.52 

1.78 

2.11 

2.18 

Tensile  strength. 
=10. 9  per  cent. 

Elongation  of  inch  sections,  ".10,  ".10,  ".10,  ".11,  ".10,  ".10,  ".11, 
".10,  ".10,  ".10,  ".11,  ".10,  ".12,  ".20*,  ".11,  ".10,  ".11,  ".10,  ".11, 
".10. 

Diameter  at  fracture,  1".04;  area,  .8495  square  inch. 

Contraction  of  area,  15  per  cent. 

Fractured  8".  3  from  the  neck. 

Appearance,  fibrous  80  per  cent,  gmnular  20  per  cent. 
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WROUGHT   IRON. 

No.  7536. 


Specimen  heated  full  yellow  and  cooled  in  air. 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Length  of  stem,  22". 

Gauged  length,  20". 


square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
31,000 
32,000 
83,000 
34,000 
35,000 
86,000 
87,000 
38,000 

Inches. 

0. 

.0030 
.0068 
.0102 
.0141 
.0186 
.0200 
.0216 
.0230 
.0242 
.0280 
.0372 
.0680 
.0948 
.1200 
.1510 
.18 
.21 
.28 
.83 
.38 
.46 
.55 
.60 
.69 
.79 
.90 

1.00 

1.11 

1.30 

1.46 

1.67 

Inch. 

0. 

0. 

0. 

0. 
.0001 
.0010 

IniUal  load. 
Elaatic  limit. 

Tensile  strength. 
=  9.4  per  cent. 

.0069 

.1238^ 

i        39,000 

40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
51,800 
0 

1.88 

Elongation  of  inch  sections,  ".08,  ".08,  ".08,  ".08,  ".08,  ".09,  ".09, 
".08,  ".09,  ".09,  ".10,  ".08,  ".09,  ".09,  ".11,  ".11,  ".20*  ".08,  ".10,  ".08. 
Diameter  at  fracture,  1".03;  area,  .8332  square  inch. 
Contraction  of  area,  16.7  per  cent. 
Fractured  6". 25  from  the  neck. 
Appearance,  fibrous  60  per  cent,  granular  40  per  cent. 


WROUGHT   IRON. 

No.  7636. 
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Specimen  heated  full  yellow  and  quenched  in  brine. 

Diameter,  l'M29. 

Sectional  area,  1  square  inch. 

Length  of  stem,  22". 

Gauged  length,  20". 


square 
inch. 

In  gaucred  length. 

Remarlut. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
16,000 
20,000 
21,000 
22,000 
28,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
81,000 
82,000 
88,000 
84,000 
85,000 
86,000 
87,000 
88,000 
89,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
S1,000 
52,000 
63,000 
54,000 
0 

Inches. 

0. 

.0080 
.0068 
.0107 
.0147 
.0158 
.0169 
.0179 
.0190 
.0209 
.0220 
.0288 
.0250 
.0266 
.0290 
.0810 
.0880 
.0859 
.0890 
.0440 
.0485 
.0568 
.0680 
.0880 
.1120 
.12 
.16 
.18 
.22 
.26 
.29 
.34 
.89 
.44 
.54 
.59 
.78 

1.04 

Inch. 
0. 
0. 
0. 
0. 
.0001 

Initial  load. 

ElasUc  limit.    Not  well  defined. 

Tensile  strength. 
=s  6.6  percent 

.0020 

.0068 

.0179 

.0806 

1.88 

Elongation  of  inch  sections,  ".07,  ".07,  ".06,  ".07,  ".07,  ".07,  ".07, 
'.06,  ".06,  ".07,  ".06,  ".07,  ".06,  ".06,  ".07,  ".06,  ".06,  ".06,  ".07, 
Ml*. 

Diameter  at  fracture,  1".07;  area,  .8992  square  inch. 

Contraction  of  area,  10.1  percent. 

Fractured  1".34  fi-om  the  neck. 

Appearance,  granular  60  per  cent,  fibrous  40  per  cent. 
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WBOUGHT   IRON. 

No.  7537. 


Heated  full  yellow  and  quenched  in  oil. 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Length  of  stem,  22". 

Gauged  length,  20". 


Apolied 

loaosper 

fiquare 

inch. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28.000 
29,000 
90,000 
81,000 
32,000 
33,000 
34,000 
35,000 
36,000 
87,000 
38,000 
39,000 
40,000 
42,000 
44,000 
46,000 
48,000 
48,100 
0 


In  gauged  length. 


Elonga- 
tion. 


I 


Inch. 

0. 
.0080 
.0068 
.0104 
.0149 
.0160 
.0170 
.0180 
.0190 
.0201 
.0219 
.0235 
.0247 
.0261 
.0282 
.0307 
.0335 
.0403 
.0460 
.0540 
.0732 
.1020 
.1840 
.1791 
.2129 
.28 
.37 
.52 
.73 


.8-1 


Inch. 
0. 
0. 
0. 
0. 
.0005 


.0024 


.0065 


.0278 


.1803 


Remarka. 


Initial  load. 


Elastic  limit.    Not  well  defined. 


Tensile  strength. 
=  4.2  per  cent. 


Elongation  of  inch  sections,  ".04,  ".03,  ".04,  ".03,  ".04,  ".04,  ".04, 
".03,  ".03,  ".03,  ".04,  ".04,  ".04,  ".04,  ".03,  ".04,  ".04,  ".03,  ".05, 
".14*. 

Diameter  at  fracture,  1".07;  area,  .8992  square  inch. 

Contraction  of  area,  10.1  per  cent. 

Fractured  1".26  from  the  neck. 

Appearance,  granular  60  per  cent,  fibrous  40  per  cent. 


WROUGHT   IBON. 
No.  7538. 
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Heated  full  yellow,  quenched  in  brine,  reheated  as  before  and  cooled 
in  the  air. 
Diameter,  1".129. 
Sectional  area,  1  square  inch. 
Length  of  stem,  22". 
Gauged  length,  20". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds, 
1,000 
6,000 
10.000 
16,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28.000 
29,000 
30,000 
81.000 
32,000 
33,000 
84,000 
36,000 
86,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
62,000 
68,100 
0 

Inches. 

0. 

.0031 
.0069 
.0103 
.0142 
.0160 
.0160 
.0170 
.0180 
.0191 
.0203 
.0218 
.0231 
.0261 
.0288 
.0328 
.0610 
.0882 
.1066 
.1890 
.17 
.27 
.41 
.66 
.71 
.89 

1.12 

1.48 

1.88 

Inch.  ' 
0. 
0. 
0. 
0. 
.0001 

IniUal  load. 

Elastic  limit.    Not  well  defined. 

Tensile  strength. 
=  9.9  per  cent. 

.0016 

.0078 

.1119 

1.99 

Elongations  of  inch  sections,  ".10,  ".08,  ".10,  ".09,  ".09,  ".10,  ".10, 
.09,  ".09,  ".09,  ".09,  ".09,  ".09,  ".09,  ".09,  ".10,  ".08,  ".10,  ".12,  ".21*. 
Diameter  at  fi'acture,  1".03;  area,  .8332  square  inch. 
Contraction  of  area,  16.7  per  cent. 
Fractured  2".  28  from  the  neck. 
Appearance,  granular  30  per  cent,  fibrous  70  per  cent. 

H.  Doc.  335 13 
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WBOUGHT   IRON. 


No.  7539. 


Heated  full  yellow,  quenched  in 
Diameter,  1".129. 
Sectional  area,  1  square  inch. 
Length  of  stem,  22". 
Gauged  length,  20". 


oil,  reheated  and  cooled  in  air. 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
21,000 
22,000 
23,000 
24.000 
25,000 
26,000 
27.000 
28,000 
29,000 
30,000 
31,000 
82,000 
83,000 
34,000 
85,000 
36,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
53.800 
0 


In  gauged  length. 


Elonga- 
tion. 


Inches. 

0. 

.0030 
.0067 
.0104 
.0140 
.0148 
.0156 
.0165 
.0173 
.0181 
.0193 
.0204 
.0218 
.0234 
.0266 
.0359 
.0534 
.0693 
.0940 
.1235 
.14 
.20 
.31 
.44 
.58 
.77 
.99 

1.26 

1.64 


Set. 


Inch. 

0. 

0. 

0. 

0. 

0. 


.0004 


Remarks. 


Initial  load. 


.0050 


.0968 


Elastic  limit.    Not  well  defined. 


Tensile  strength. 
=  10.7  per  cent 


Elongation  of  inch  sections,  ".12,  ".11,  ".10,  ".10,  ".09,  ".10,  ".10, 
".09^  ".09,  ".09,  ".10,  ".10,  ".10,  ".11,  ".12,  ".11,  ".12,  ".12,  ".13,  ".13. 

Diameter  at  fracture,  1".01;  area,  .8012  square  inch. 

Contraction  of  area,  19.9  per  cent. 

Fractured  1".26  from  the  neck. 

Appearance,  fibrous  60  per  cent,  ^anular  40  per  cent.  Fractured 
outside  the  gauged  length.  Elongation  ".21  on  the  inch  section  which 
fractured. 


WROUGHT   IRON. 
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CABBON    ANi>   NIC££L  STEEL   INGOTS.  199 


CAEBOH  AHB  HICKEL  STEEL  INGOTS. 

iNGOTfe  Cut  up  for  Examination,  and  Material  for  Tensile  and 
Endurance  Tests  Taken  Therefrom. 

chemical  analyses. 

Carbon  steel  ingot: 

Carbon 20 

Manganese 58 

Silicon 015 

Phosphorus 017 

Nickel  steel  ingot: 

Carbon 17 

Manganese 68 

Silicon 016 

Phosphorus 010 

Nickel 3.25 
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CAEBON   AND   NICKEL   STEEL   INGOTS. 


No.  1.— 16"  X  18"  Carbon  Steel  Ingot. 

Showing  manner  of  cutting  up  for  examination. 
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i. 


i 


_zv 


-9'=ySp- 


J^^ 


JB^ 
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0  ^ 
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CARBON    AND    NICKEL   STEEL    INGOTS. 

No.  2.— 16"  X  18"  Carbon  Steel  Ingot. 
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Slab  2.^Tension  tests. 


4 


M 


J^ 


t 


^ 


^ 


I 


Slab  3.— Endurance  tests. 


^ 

^ 
^ 
^ 


i 


I  I  I  I  I  I  I  I  I  I  I  I  I 

Metal  tested  in  the  natural  state  and  after  heating  and  quenching. 
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CARBON    AND   NIOKKL   STKEL    INGOTS. 


No.  3. — 1(>"  X  18"  Nickel  Steel  Ingot. 

Showing  manner  of  cutting  up  for  examination. 


^ 


^Z^ 


^      -ZI^ 


^^ 


\ 


T 

s 

* 

< 

^ 

^ 

s 

^ 

\ 

\ .  - 
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:sz^ 
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V/.<XA»X#V^X^         .X&jL^J^        J^-^  K\JM:^JBtMJ       k^JLAliAU.AJ        A  i.^  \Ji  \^  JL  <f  • 


No.  4.— 16"  X  18"  Nickel  Steel  Ingot. 


Slab  2.*— Tension  tests. 
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Slab  3.— Endurance  tests. 


0) 

I 


^ 


0 


p^ 


1 1 1 1 1 1 1  1 1 1 1 1 1 

Metal  tested  in  the  natural  state  and  after  heating  and  quenching. 
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CARBON    AND   NICKEL   STEEL   INGOTS. 

No.  5.— 16"  X  18"  Steel  Ingots. 

Showing  manner  of  cutting  up  for  examination. 
Carbon  steel,  block  B  4. 


i 

i 

"\ 

cc 

^ 

>< 

J 

Tensile  specimenfl  (2)  piece  a. 


ni: 


Bending  specimen  from  b. 


:a 


-f-   Ztslvs 


Nickel  steol,  block  T  3. 


OL 


Piece  a  before  forging. 


After  forging. 


x^.%f&* 


/S 


After  machining. 


•?□    DD 


NO.   -. 

CARBO.\    STpEL   iNGOr. 

Bl  O'^K    b1      '-J    l^CH   FROM    "ME    BOTTC)M. 


HELIOTVPF    CO..    SO>?TON. 


»  * 

J* 


• 


■.  .   ..-;■...•. 

«       A         "^  ^         '. 


,^* 


t 


V    '"   *.      >   ■    *    .*    • 


KO.    1. 


T  'i^r    '^o.,   rr>'  -mm. 


V         * 


-"'  '•*' #.  Vk 


"A.v   '^ 


^  4*?* 


^. 


*^::  a^  \A^ 


>^Uli' 


CARBON   STEEL  INGOT.  BLOCK   B3.         9   1-2   INCHtS   FROM   THE   BC.ttGM. 


"Fi'OrvPF    CO.,    BOSTON. 


<-  i 


<*    *    -^ 


^'*'«/'.\u.i*»^ ';•>>".  ><.."'♦* 


NO.  9. 
CARBON   STEEL  INGO^,  BLOCK   B4.         16   1-2   INCHES   FROVI   THE   BUTIOVI. 


MEUOTvPE    CO..    BOSTON. 


%  * 


I 


{ 


NO.   -lO. 
CAf-BON   S^EEL  INGOT,   BLOCK   Bf..         23   1-2    ISC^'tS   c^i^QM   THE   BOTTQM. 


HFL  .l-r>PF    CO    .    BOSTON. 


Lf;N',i~U  ^  'jA; 


/'' 


f  * 


<•        •    ••      •*<      .^  ••_*.*    ^     4 


■'->., 


iNC:".   bl.'   ,K    '^'.      12     NC-'    f  OM   Tht:   Br/iTOM. 


^0.,   ao'.-nK 


fJ'J     14. 
.ICf^.F.L  Slf.'iL   iNGO". 


NO.   15. 

fllC^Hl-   STt-.EL  INGOr. 
LONG'T-'Ji'lNAI.  SF.CT'ON,  Mi'jfJLF   Of   L^'IG^^'    OF  I'.G;: 


.•JO.   16. 

f4i>'Kf-"L  ST  t-.r.L   i:.GCr. 

BLOCK   T4.      18'i    IN'JHE.?    Fi^CM    THf    TOP, 


HELlOTYPf    CO.,     BOSTON. 


iJ 


*  • 


a 


•  >V<'^ 


;^  'J 


NO.   1  7. 
NICKEL  STEEL   INGOT,   BLO'.K   13,  111-2    ir.rHtS   l-KO^/    7hF.    TC^. 


HFLIO^>'OE    CO..     BOSTON, 


.-1) 


m 


<*-' 


>   <V— ' 


NO.    18. 

NICKEl   STEt  L  I^.GOT. 

BLOCK   T2.     4'i    IN'^HLS    fROM    THE    TOP. 


HFnOTtPf    CO.,    BO"?TON. 


NO.   19. 

rilCKtL  STEEL  IN(.OT. 

BLOCK   Tl      '4    INCH   FROM    THE    lOP. 


HF'lorvPf    CO.,     BO«-rON. 


^-t^lWl'* 


\ 


/       <:?' 


♦  ,'' 


rn\ 


-i*^ 


:3  (/ 

O  uj 

z  •- 

^  9 
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^ 

CD 
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CAf,r-'O.N   S^EFL    |,\'C.':»" 


^''■^,  r.cCF.   A.     ? 


P^-r,.r.rj   Tcvj.|._^ 


'?':'f.^r\c;     rvjr 


'S.    ;.;  -1    A^    1 


^t.-.^.pt   Cw  .   Bcs-r,N 


IM  I    I 


o 
o 


o 
o 


O      uj 


V  ■•-■,:.•.  ^ 


i^t      Q-^-^r     CO    ,     fjo' 


P^^C  ".'V  'Vi    '  ^^-T'-.   ■"--'B'   ■:    -  '  L' 


ME.    0'>-=t     Cfi    ,     b  )-,T(-K 


2rt    .N.   -Pe"^'/    dO^TDM    O'   INGOT,    1    1-4    .N.   (^RO^/    EPGE. 
MAG'^'i-'lCA^'CiN    5    DlAM«^TFfs. 


CARBON   STEE^   'N-jO". 
P^OTOM.CF'OGRA'^'-t,   '2   INCHES   PROM    TOP  OP   INGOT,  4^    'NCmES    (^'-'CM 
LONG  rUD'NA^   SEC^ON.     MAG\  F  CAT:ON   5   C'^VE^E^'S. 


HELiOT>PE    CO..    BOSTON 


CARBON   STEEL   INGOT. 

PHoruM.CROGRAPH,   12   INCHES   FROM   TOP   OF  INGOT,  AT   tOGt   OF  CENTRAL  CAViTY, 

214   INCHES   DIAMt^ER,   LONGITUPINAL   SECTION.      MAGNIFICATION   b   DIAMETERS. 


HEllOTYPE    CO.,    BOSTON. 


PHOTOMICROGRAPH   OF  STbM   OF  TENSILE   SPECIMEN   C2-A,   NO,    <'5<=.8,  CROSS   SECTION. 

CARBON   STEEL  INGOT,      MAGNIt- ^CA  7  ION    06   I^IAMETFRS. 

STbEl     IM    rJA^URAL  STA^E.     THREE  VlFWS,    1. 


>f'f     ""O.,    DO«5TON, 


TCMICRCG^APH   or    S^EM   OF   ^ENS.LE   SPECIMEN   C2-A,   NO.    T68.   CROSS   SECT  ON. 
CARBON   STEEL  iNGOT.      MAUNIt^lCATlON   56    DIAMETERS. 
STEEL    IN    NA^UPA^  STA"^E.       ^HREE   ViE^VS,   2. 


MtuOTvut     CO   .    BOS"^ON 


CARBON    AND    NICKEL   STEEL   INGOTS. 

Metal  from  Carbon  Steel  Ingot,  Slab  No.  2. 

No.  7568. 

Longitudinal  specimen. 

Natural  state. 

Marks,  C2-A. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loaas  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

PotmdB. 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 

Inch. 

0. 
.0004 
.0010 
.0018 
.0020 
.0022 
.0080 
.0041 
.0065 
.0099 
.0150 
.0222 

Inch. 
0. 
0. 
0. 
.0001 

IniUal  load. 
Elastic  limit. 

• 

Tensile  strength. 
=  15  per  cent. 

.0040 

30,000    '          .0386 
32,000    :          .0475 
34,000    ,          .0663 
36,000              .0670 
38,000    1          .0610 
40,000              .0960 
42,000              .11 
44,000              .14 
46,000    I          .16 
48,000    !          .18 
fiO.OOO    ,          .22 
52,000              .27 
54  000    '          -S6 

.0347 

.0894 

54,880 
0 

.45 

Elongation  of  inch  sections,  ".13,  ".13,  ".19*. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 
Fractured  ".50  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 
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CAKBON   AND    NICKEL    8TBEL   INGOTS. 

No.  7569. 


Longitudinal  specimen. 

Natural  state. 

Marks,  C2-D. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Apnlied 
loaas  per 

square 

Inch. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 

III  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch, 

0. 

.0005 
.0011 
.0019 
.0023 

Inch. 
0. 
0. 
0. 
.0001 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=14.3  per  cent. 

18,000              .0043 
19,000    :          .0056 
20,000              .0075 
22,000              .0119 
24,000              .0183 
26,000              .0258 

28, 000   .        -  oxa 

.0051 

30,000 
32,000 
34,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
53,120 
0 

.0428 

.0620 

.0638 

.0760 

.0891 

.1069 

.18 

.15 

.18 

.21 

.26 

.83 

.0389 

.1012 

.48 

Elongation  of  inch  sections,  ".13,  ".13,  ".17*. 
Diameter  at  fi-acture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 
Fractured  ".50  from  the  neck. 
Appearance,  coarse  gmnular,  silvery  luster. 


CABBON    AND   NICKEL    STEEL    INGOTS. 
No.  7570. 
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Longitudinal  specimen. 

Natural  state. 

Marks,  C2-F. 

Diameter,  ".564. 

Sectional  area,  .25  sciuare  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

RemarltH. 

Pounds. 
1,000 
6.000 
10,000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 
80,000 
82,000 
84,000 
86,000 
88,000 
40.000 
42,000 
44,000 

47.600 
0 

Inch. 
0. 
.0006 

.0011 

.0019 

.0020 

.0028 

.0041 

.0068 

.0086 

.0136 

.0196 

.0280 

.0860 

.0460 

.06 

.08 

.09 

.10 

.12 

.14 

.17 

.20 

Inch. 
0. 
0. 
0. 
.0001 

IiiUial  load. 
Elastic  limit 

Tensile  Htrength. 
=10.3  per  cent. 

.0061 

.0421 

.31 

".08,  ".15*,  ".08. 


Defective  specimen,  spongy. 

Elongation  of  inch  sections,  " 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Fractured  at  the  middle  oi  the  stem. 

Appearance,  dull,  amorphous,  oblique. 
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CARBON    AND    NICKEL   STEEL    INGOTS. 
No.  7571. 


Transverse  specimen. 

Natural  state. 

Marks,  C2-H. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


PouTids. 
1,000 
6,000 
10,000 
15,000 
•  16,000 
17,000 
18,000 
19,000 
20.000 
22,000 
24,000 
26,000 
28,000 
90,000 
82,000 
94,000 
96,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
62,000 
52,800 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0004 
.0010 
.0019 
.0020 
.0028 
.0039 
.0050 
.0069 
.0120 
.0180 
.0252 
.0328 
.0422 
.0511 
.0629 
.0760 
.0888 
.1049 
.13 
.15 
.17 
.20 
.25 
.32 


.40 


Remarks. 


Set. 


Inch. 

0. 

0. 

0. 

0. 


Initial  load. 


Elastic  limit. 


.0048 


I  .0382 


.0992 


Tensile  strength. 
=  13.3  per  cent. 


Elongation  of  inch  sections,  ".11,  'Ml,  '.18*. 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  21.4  per  cent. 

Fractured  ".30  from  the  neck. 

Appearance,  dull,  amorphous,  in  part  granular. 


CABBON   AND   NICKEL   STEEL   INGOTS. 
No.  7572. 
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Transverse  specimen. 

Natural  state. 

Marks,  C2-K. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaasper 

Nquare 

inch. 


In  gauged  length. 


Elonga- 
tion. 


PouiuU. 
1,000 
5,000 
10,000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 
80,000 
82,000 
84,000 
86,000 
88,000 
40.000 
42,000 
44.000 
46,000 
48,000 
50,000 
62,000 
54,000 
54,400 
0 


Itwh. 

0. 
.0003 
.0009 
.0014 
.0020 
.0027 
.0039 
.0050 
.0071 
.0128 
.0185 
.0260 
.0835 
.0440 
.0555 
.0633 
.0755 
.0912 
.1072 
.13 
.15 
.17 
.20 
.26 
.30 
.39 


Inch. 

0. 

0. 

0. 

0. 


.0403 


.46 


.  1018 


Remarks. 

Initial  load. 

Elastic  limit. 

1  ensile  Htrength. 
=  15.3  per  cent. 

Elongation  of  inch  sections,  ".13,  ".20*,  ".13. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  eent. 
Fractured  1".3  from  the  neck. 
Appearance,  coarse  granular. 

H.  Doc.  335 14 
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CABBON   AND   NICKEL   STEKL   INaOTS. 

No.  7573. 


Longitudinal  specimen. 

Natural  state. 

Marks,  C2-M. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaasper 

square 

inch. 

In  gauged  length. 

Remarlu. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5.000 
10,000 
15,000 
16,000 

Inch. 

0. 
.0003 
.0009 
.0016 

.001 A 

Inch, 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit 

• 

Tensile  strength. 
=  17  per  cent. 

17,000              .0029 
18,000             .0039 
19,000             .0050 
20,000             .0070 
22,000             .0118 
24,000             .0180 
28,000              .0250 
28,000    1          .0380 
80,000    1          .0425 
82.000              .0519 
84,000              .0689 
86,000             .0778 
88.000              .0905 
40.000              .1093 
42.000              .18 
44,000    ,          .15 
46,000              .18 

.0048 

.0387 

.1036 

48,000 
60,000 
52,000 
54,000 
0 

.22 
.26 
.88 
.46 
.51 

Elongation  of  inch  sections,  ".18*,  ".18,  ".15. 

Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Fractured  1".14  from  the  neck. 

Appearance,  dull,  amorphous,  in  part  granular. 


OABBON   AND   NICKEL   STEEL   INGOTS. 
No.  7574. 
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Longitudinal  specimen. 

Natural  state. 

Marks,  C2.P. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

Inch. 


rounds. 
1,000 
5,000 
10,000 
16,000 
16,000 
17.000 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 
28,000 
80,000 
82,000 
84.000 
86,000 
88,000 
40.000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
66,400 
0 


I      In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0004 
.0010 
.0019 
.0026 
.0031 
.0041 
.0068 
.0078 
.0120 
.0196 
.0278 
.0848 
.0429 
.0660 
.0648 
.0770 
.0919 
.1078 
.18 
.16 
.18 
.21 
.25 
.81 


Inch. 
0. 
0. 
0. 
.0001 


.0062 


.0890 


.46 


.1020 


Remarks. 


Initial  load. 
ElasUc  limit. 


Tensile  strength. 
=  16  per  cent 


Elongation  of  inch  sections,  'Ml,  ".12,  ".22*. 
Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 
Contraction  of  area,  27.6  per  cent. 
Fractured,  ".25  from  the  neck. 
Appearance,  dull  amorphous,  oblique. 
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CARBON   AND   NICKEL   8T££L   INGOTS. 
No.  7576. 


Longitudinal  specimen. 

Natural  state. 

Marks,  C2-R. 

Diameter,  ".564. 

Sectional  area,  .25  scfuare  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

Pnundt. 
1,000 
5,000 
10,000 
15,O0C 
16,000 
17,000 
18,000 
19,000 
20,000 
22,000 
24,000 
26,000 

In  gauged  length. 

Elonga- 
tion. 

Inch. 

0. 
.0004 
.0011 
.0018 
.0020 
.0021 
.0028 
.0039 
.0059 
.0100 
.0170 
.02S« 

Set. 

Remarks. 

Inch. 
0. 

S: 

.0001 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=  15.8  per  cent. 

.0087 

28,000              .0822 
30,000              .0402 
82,000    '          .0600 
84,000              .0605 
86,000              -0710 

.0368 

38,000 
40.000 
42,000 
44,000 
46,000 
48,000 
60,000 
52,000 
54,000 
55,280 
0 

.0845 

.0980 

.12 

.14 

.16 

.19 

.22 

.27 

.88 

.0929 



.46 

Defective  specimen,  spongy. 

Elongation  of  inch  sections,  ".13,  ".20*,  ".13. 

Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 

Contraction  of  area,  21.4  per  cent. 

Fractured  1".5  from  the  neck. 

Appearance,  dull,  amorphous,  trace  of  gi*anulation. 


CABBON    AND   NICKEL   STEEL    INGOTS. 


No.  7579. 
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Longitudinal  specimen. 

Heated  full  cherry  and  quenched  in  oil. 

Marks,  C2-Q. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set 

Remarks. 

Pounds.         Inch. 

1,000    '       0. 

5,000             .0008 
10,000             .0009 
20,000    '         .0019 
25,000              .0028 

Inch. 

0. 

0. 

Initial  load. 
«5.3  per  cent. 

0. 

80,000 
85,000 
40,000 
45,000 
60,000 
62,000 
54,000 
66,000 
58,000 
60,000 
64,000 
68,000 
72,000 
76,000 
77,440 
0 

.0083 
.0042 
.0054 

.0070 

.0095 

.0110 

.0180 

.0165 

.0220 

.0279 

.04 

.06 

.06 

.11 

.0002 
.0008 
.0013 
.0022 
.0041 

.0210 

.16 

Elongation  of  inch  sections,  ".05,  ".04,  ".07*. 

Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 

Contraction  of  area,  15  per  cent. 

Fractured  ".85  from  the  neck. 

Appearance,  dull,  amorphous,  contains  a  spot  of  granular  metal. 
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GABBOK    AND   NICKEL    8TEEL    INGOTS. 

No.  7578. 


Longitudinal  specimen. 

Heated  full  cherry,  quenched  in  oil,  and  annealed  at  about  1,000^  F. 

Marks,  C2-E. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 


loads  per 
Bquare 
inch. 

In  gauged  length. 

Remarks. 

tion.             ^^• 

Pounds. 
1.000 
5.000 
10.000 
20,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34.000 
35,000 
36.000 
37,000 
38,000 
39,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
56,000 

Inch. 
0. 

.0010 
.0020 

Inch. 

0. 

0. 

IniUal  load. 

Elastic  limit,  approximate. 

.0041 
.0046 
.0060 
.0053 
.0056 
.0080 
.0067 
.0071 

.0010 

.0021 

.0078 
.0088 
.0100 
.0130 
.0196 
.0306 

.0065 

.0460 
.0660 
.07 
.09 

.0489 

60,000               11 

64,000 

68,000 

68,080 

0 

.15 
.21 



Tensile  strength. 

.28 

=9.8  per  cent. 

Elongation  of  inch  sections,  ".16*,  ".05,  ".07. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Fractured  ".25  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 


CABBOK  AND  NICKEL  STEEL  INGOTS, 

No.  7582. 

Transverse  specimen. 

Heated  low  yellow  and  quenched  in  oil. 

Marks,  C2-J. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


215 


Aw)lied 
loads  per 

Ingangec 

square 
inch. 

Elonga- 

tion. 

Fmmda. 

Jneh, 

1.000 

0. 

5,000 

.0004 

10,000 

.0010 

'iD.OOO 

.0021 

80,000 

.0032 

86,000 

.0040 

40,000 

.0046 

S4»t. 


Remarks. 


46,000 
50,000 
66,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
76,000 
80,000 
84,000 
85,600 
0 


Inch. 

0. 

0. 


.0001 


.0061 

.0068 

.0069 

.0260 

.0818 

.0892 

.0480 

.0660 

.0648 

.07 

.10 

.13 

.17 


.0002 


.0004 


.27 


.0189 


.0661 


InitUl  load. 


Tensile  strength. 
=  9  per  cent. 


Elongation  of  inch  sections,  ".04,  ".13*,  ".10. 
Diameter  at  fracture,  ".51;  area,  .2043  square  inch. 
Contraction  of  area,  18.3  per  cent. 
Fractured  1".14  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 
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CARBON   AND   NICKEL   STEEL   INGOTS. 
No.  7684. 


Longitudinal  specimen. 

Heated  low  yellow  and  quenched  in  oil. 

Marks,  C2.N. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 

.0004 
.0010 
.0020 

Set. 

Inch. 

0. 

0. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
50,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
76,000 
80,000 
84,000 
86,400 
0 

Initial  load. 

Tensile  strength. 
=  8  per  cent. 

.0031 
.0037 

.0001 

.0043 

.oaw 

.0058 

.0067 

.0069 

.0072 

.0120 

.0171 

.0230 

.0268 

.0340 

.0410 

.0482 

.0578 

.07 

.09 

.11 

.15 

.666i 

.0002 
.0004 
.0008 

.0158 

.0490 

.24 

Elongation  of  inch  sections,  ".05,  ".07,  ".12*. 

Diameter  at  fracture,  ".51;  area,  .2043  square  inch. 

Contraction  of  area,  18.3  per  cent. 

Fractured  ".75  from  the  neck. 

Appearance,  dull,  amorphous,  irregular  surface. 


CABBON    AND    NICKEL   STEEL   INGOTS. 
No.  7583. 
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Transverse  specimen. 

Heated  low  yellow,  quenched  in  oil,  and  annealed  at  about  1,000^  F. 

Marks,  C2-L. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

sqaare 

Inch. 


Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
35,000 
40,000 
45,000 
50,000 
53,000 
54,000 
55,000 
60,000 
61,000 
62,000 
63,000 
54.000 
66,000 
58,000 
60,000 
64,000 
68,000 
72,000 
76,000 
77,200 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 

.0004 
.0010 
.0020 
.0060 
.0086 
.0041 
.0047 
.0051 
.0064 
.0066 
.0090 
.0112 
.0140 
.0190 
.0262 
.0400 
.(M&O 
.0581 
.0672 
.09 
.11 
.15 
.23 


.85 


Set. 


RemarlcM. 


0. 
0. 


0. 
0. 
0. 
0. 
0. 


.0591 


Initial  load. 


Elastic  limit. 
Load  fell. 


Tensile  strength. 
=11.7  per  cent. 


Elongation  of  inch  sections,  ".08,  ".07,  ".20*. 

Diameter  at  fracture,  ".48;  area,  .1810  square  inch. 

Contraction  of  area,  27.6  per  cent. 

Fractured  ".7  from  the  neck. 

Appearance,  dull,  amorphous,  irregular  surface. 
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CARBON    AND   NICKEL   STEEL   INGOTS. 

No.  7585. 


Longitudinal  specimen. 

Heated  low  veUow,  quenched  in  oil,  and  annealed  at  about  1,000°  F. 
Marks,  C2-0. 
•  Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,0U0 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
45,000 
50,000 
53,000 
50,000 
51,000 
52,000 
53,000 
54,000 
56.000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
72,000 
76,000 
76,800 
0 


In  ganged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0003 
.0009 
.0019 
.0029 
.0034 
.0040 
.0044 
.0050 
.0053 
.0125 
.0170 
.0360 
.0400 
.0448 
.0522 
.0620 
.0706 
.0810 
.0923 
.1060 
.1210 
.16 
.25 


Inch. 

0. 

0. 


Remarks. 


.0628 


.35 


Initial  load. 


KlaHtie  limit.    Load  fell. 


Tensile  strength. 
^11.7  jjercent. 


Elongation  of  inch  sections,  ".10,  ".17*,  ".08. 

Diameter  at  fracture,  ".49;  area,  .1880  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Fractured  1".37  from  the  neck. 

Appearance,  dull,  amorphous,  irregular  surface. 


:^:oRAPH   OF  S^LM   OF  TENSILE  SPECIMEN   C2-B,   NO.   75-76,   CROSS   SECTION, 
CARBON   STEEL  INGOT.      MAGNTICATION    'M   fiAMETERS. 
S^EEL  HEATED   BRIGHT  YELLOW  AND   QUENCHED   IN   OIL, 


HEliOTYPE    CO..    BOS'^ON. 


CARBON   AND   NICKEL   STEEL   INGOTS. 

No.  7576. 

Longitudinal  specimen. 

Heated  bright  j^ellow  and  quenched  in  oil. 

Marks,  C2-B. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 

loads  per 

aqaare 

inch. 

In  gauged  length. 

Remarkfl. 

Elonga- 
tion. 

Set 

Pounds. 
1,000 
5,000 
10,000 
20,000 
90,000 
40,000 
45,000 
50,000 
55,000 
60,000 
66,000 

Inch. 

0. 

.0004 
.0010 
.0020 
.0083 
.0048 
.0054 
.0063 
.0079 
.0102 
.0140 
.0225 
.0333 
.0530 
.07 
.10 
.13 

Inch. 

0. 

0. 

Inital  load. 

Tensile  strength. 
=  5.7  per  cent. 

.0001 
.0005 
.0009 
.0012 

.0038 

70,000 
75,000 
80,000 
84,000 
88,000 

.0139 

.0428 

92,000 
93.040 

0 

.17 

Elongation  of  inch  sections,  ".04,  ".04,  ".09*. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Fractured  ".8  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 
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CABBON   AND   NICKEL   STEEL   INGOTS. 
No.  7580. 


Transverse  specimen. 

Heated  bright  yellow  and  quenched  in  oil. 

Marks,  C2-G. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loaofl  per 

Hquare 

inch. 

In  ganged  length. 

Klonga- 
tion. 

Inch. 

0. 
.0002 
.0006 
.0019 
.0030 
.0087 
.0043 
.0061 
.0060 
.0079 
.0092 
.0120 
.0210 
.0342 
.0520 
.07 
.09 
.12 

Set. 
Inch. 

1,000 
6,000 
10,000 
20,000 
.80,000 
35,000 
40,000 
45,000 
50,000 
65,000 
60,000 
65,000 
70,000 
75,000 
80,000 
84,000 
88,000 
92,000 
94.400 
0 

Initial  load. 

6. 

.0002 
.0005 
.0009 

.0029 

.0130 

.0422 

Tensile  Rtrength. 

.16 

-=  5.3  per  cent. 



Remarkfi. 


Elongation  of  inch  sections,  ".07*,  ".07*,  ".02. 

Diameter  at  fracture,  ".64;  area,  .2290  square  inch. 

Contraction  of  area,  8.4  per  cent. 

Fractured  1".07  from  the  neck. 

Appearance,  fine  granular,  dull  spot  at  the  circumference. 


CARBON    AND   NICKEL   STEEL   INGOTS. 
No.  7577. 
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Longitudinal  specimen. 

Heated   bright  yellow,   quenched   in   oil,  and  annealed  at  about 
1,000°  F. 
Marks,  C2-C. 
Diameter,  ".664. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga-    1       St 
Uon.       1       ^^^• 

Pounds. 
1,000 
5,000 
10.000 
20,000 
90,000 
86,000 
40,000 
46,000 
48,000 
49.000 
60,000 
61,000 

Inch. 

0. 

.0003 
.0010 
.0021 

Iwh. 

0. 

0. 

Initial  load. 

.0031 
.0038 
.0042 
.0049 
.0053 
.0063 
.0081 

(1(109 

6. 

6. 

Elastic  limit. 

.0029 

Tensile  strength. 
=  11  per  cent 

62,000               Olio 

64,000 
66,000 
68,000 
60,000 
64,000 

.0160 

.0262 
.0343 
.0448 
OR 

.0870 

68,000              .09 
72,000    1          .12 
76,000               Ift 

76, 180 

0 

.33 

Elongation  of  inch  sections,  ".04,  ".07,  ".22*. 
Diameter  at  fracture,  ".43;  area,  .1452  square  inch. 
Contraction  of  area,  41.9  per  cent. 
Fractured  ".8  from  the  neck. 
Appearance,  dull,  silky,  oblique. 
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CABBON    AND    NICKEL    STEEL   INGOTS. 


No.  7581. 

Tmnsverse  specimen. 

Heated   brignt  yellow,   quenched  in   oil,   and  annealed  at  about 
1,000^  F. 
Marks,  C2-I. 
Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


In  gauged  length. 


Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
35,000 
40.000 
45,000 
50,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58.000 
59,000 
60,000 
62,000 
64,000 
66,000 
68,000 
72.000 
76.000 
80,000 
83,640 
0 


Elonga- 


Remarks. 


tlon. 

'  Inch. 
0. 
.0004 
.0010 

Ttich. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=  10.7  per  cent. 

.0020 

.0030 
.0036 
.0041 
.0047 
.0052 

.oaV) 

0. 

0. 

.0001 

.oa)8 

.0114 

.0153 

.0200 

.0238 

.0280 

.0332 

.0388 

.0490 

.a'>80 

.0663 

.09 

.12 

.16 

.0054 

.0260 

.32 

Elongation  of  inch  sections,  ".10,  ".15*,  ".07. 
Diameter  at  fracture,  ".49;  area,  .1886  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Fractured  1".8  from  the  neck. 
Appearance,  dull,  amorphous,  oblique. 


H  Doc  ^.?<^  57    2 
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CABBON    AND   NICKEL  STKEL   INaOTS. 
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224  CARBON    AND    NICKEL    STEEL    INGOTS. 

Metal  from  Nickel  Steel  Ingot,  Slab  No.  2. 

No.  7516. 

Longitudinal  specimen. 

Natural  state. 

Marks,  N2-A. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

Miuare 

inch. 


In  gauged  length. 


Pounds. 
1,000 
6,000 
10.000 
16,000 
20,000 
25.000 
30,000 
82,000 
33,000 
84,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
42,000 
44,000 
46.000 
48,000 
50,000 
52,000 
54.000 
56,000 
58,000 
60,000 
62.000 
64,000 
66,000 
66,320 
0 


Elonga- 
tion. 


Inch. 

0. 

.0008 
.0010 
.0014 
.0020 
.0025 
.0031 
.0034 
.0089 
.0041 
.0052 
.0067 
.0064 
.0073 
.0088 
.0123 
.0190 
.0320 
.0455 

.0730 

.08 

.10 

.13 

.17 

.20 

.25 

.32 

.45 


Set. 


Iiich. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


Remarks. 


Initial  load. 


£laj«tlc  limit. 


.0079 


.64 


Tensile  strength. 
=  21.8  per  cent 


Elongation  of  inch  sections,  ".30*,  ".19,  ".15. 

Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 

Contraction  of  area,  30.6  per  cent. 

Fractured  ".45  from  the  neck. 

Appearance,  dull  leaden  color,  amorphous,  ti-ace  of  gmnulation. 


OABBON   AND   NICKEL   8T£EL   INGOTS. 
No.  7517. 
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Longitudinal  specimen. 

Natural  state. 

Marks,  N2-D. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

JEbemarkfl. 

Elonga- 
tion. 

Set 

Pimnds. 
1.000 
5.000 
10,000 
15,000 
20.000 
26,000 
30,000 
31.000 
32,000 
33,000 
84,000 
85,000 
86,000 
37,000 
88,000 
89.000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
0 

Inch. 

0. 

.0004 
.0010 
.0015 
.0020 
.0026 
.0031 
.0082 
.0085 
.0089 
.0041 
.0043 
.0060 
.0054 
.0065 
.0078 
.0101 
.0155 
.0290 
.0405 
.0528 
.0670 
.06 
.10 
.12 
.15 
.19 
.28 
.80 
.49 
.60 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

Elastic  limit  (not  well  defined). 

Tensile  strength. 
=  20  per  cent. 

.0005 

.0055 

.0606 

Elongation  of  inch  sections,  ".16,  ".17,  ".27*. 

Diameter  at  fracture,  ".45;  area,  .1590  square  inch. 

Contraction  of  area,  36.4  per  cent. 

Fractured  1".12  from  the  neck. 

Appearance^  dull  silky,  oblique,  small,  light-colored  spots. 


H.  Doc.  336- 


-15 
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OASBON   AND   NICKEL   STEEL   INQOTS. 
No.  7518. 


Longitudinal  specimen.     Defective. 

Natural  state. 

Marks,  N2-F. 

Diameter,  ''.564. 

Sectional  area,  .25  square  inches. 

Oauged  length,  3''. 


square 
Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

PouruU. 
1,000 
5,000 
10,000 
15,000 
20,000 
25.000 
26,000 
27,000 
28.000 
29,000 
80.000 
81.000 
32,000 
83,000 
84,000 
35,000 
86,000 
87,000 
88,000 
88,000 
40,000 
42,000 
0 

Inch. 
0. 
.0008 

.0010 

.0015 

,0021 

.0028 

.0088 

.0038 

.0042 

.0049 

.0059 

.0009 

.0080 

.0095 

.0118 

.0144 

.0172 

.0198 

.0247 

.0290 

.0406 

.06 

.11 

Inch. 
0. 
0. 
0. 
0. 
0. 
.0001 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=3.7  per  cent. 

.0020 

.0101 

.0351 

Elongation  of  inch  sections,  ".02,  ".08*,  ".01. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Fractured  1".4  from  the  neck,  at  group  of  blow  holes. 
Appearance,  dull,  amorphous. 


OABBOK  AND  KIOKEL  STEEL  INGOTS. 
No.  7519. 
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Transverse  specimen. 

Natural  state. 

Marks,  N2-H. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3'\ 


square 

In  gaoged  length. 

Remarks 

Elonga- 
tion. 

Set 

JPimndt. 
1,000 
6000 
10,000 
20,000 
25,000 
80,000 
SI,  000 
82,000 
88,000 
84,000 
85,000 
86,000 
87,000 
88,000 
88.000 
40,000 
42,000 
44,000 
46,000 
48,000 
60.000 
62,000 
64,000 
66,000 
68,000 
60,000 
62,000 
64,000 
66,000 

Inch. 
0. 
.0008 

.0010 

.0020 

.0026 

.0081 

.0082 

.0064 

.0087 

.0040 

.0048 

.0062 

.0069 

.0070 

.0068 

.QUI 

.0190 

.0296 

.0486 

.0640 

.0693 

.06 

.10 

.12 

.16 

.19 

.28 

.80 

.48 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=20.8  per  cent. 

.0007 

.0069 

.0629 

.61 

Elongation  of  inch  sections,  ".15,  ".32*,  ".14. 
Diameter  at  fracture,  ".45;  area,  .1590  square  inch. 
Contraction  of  area,  36.4  per  cent. 
Fractured  at  the  middle  of  the  stem. 
Appearance,  dull,  amorphous,  flaky. 
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CARBON    AND   NICKEL   STEEL   INGOTS 


No.  7520. 


Transverse  specimen. 

Natural  state. 

Marks,  N2-K. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 


AppUed 

loads  per 

square 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set 

Pounda. 

1,000 

5.000 

10,000 

20,000 

S»Sffi 
80,000 

81,000 

82,000 

88,000 

84,000 

85,000 

86,000 

87,000 

88,000 

89,000 

40,000 

42,000 

44,000 

46,000 

48,000 

50,000 

62.000 

54,000 

56.000 

68,000 

60,000 

62,000 

68,600 

0 

Inch. 
0. 
.0006 

.0010 

.0020 

.0026 

.0081 

.0065 

.0089 

.0041 

.0047 

.0049 

.0068 

.0060 

.0078 

.0091 

.0126 

.0190 

.0810 

.0445 

.0580 

.0742 

.09 

.11 

.18 

.17 

.21 

.26 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit. 

=  14  per  cent. 

.0010 

.0081 

.0679 

.42 

Elongation  of  inch  sections,  ".11,  ".17*,  ".14. 
Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 
Contraction  of  area,  30.6  per  cent. 
Fractured  1".2  from  the  neck. 

Appearance,  dull  silky.     Band  o£  light-colored  metal  across  frac- 
tured surface. 


OASBOK   AND   laCKEL   STEEL   INGOTS. 
No.  7621. 
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Longitudinal  specimen. 

Natural  state. 

Marks,  N2-M. 

Dianaeter,  ".664. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


loaoBper 
square 

In  gaoged  length. 

Remarks. 

Elonga- 
tion: 

set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
26,000 
80,000 
84,000 
86,000 

K'Sffi 
87,000 

88,000 

89,000 

40,000 

42,000 

44,000 

46,000 

48.000 

60,000 

62,000 

64,000 

66,000 

68,000 

«.«0 

Inch. 

0. 

.0004 
.0010 
.0021 
.0027 
.0088 
.0087 
.0062 
.0060 
.0070 
.0079 
.0096 
.0187 
.0228 
.0880 
.0433 
.0660 
.0718 
.09 
.11 
.18 
.17 

Inch. 

0. 

0. 

2: 

0. 
.0001 

Initalload. 
Elastic  limit. 

Tensile  strength. 
-6.8  per  cent. 

.0012 

■  .0092 

.0649 

.19 

Elongation  of  inch  sections,  ".06,  ".09*,  ".06. 

Diameter  at  fracture,  ".64;  area,  .2290  square  inch. 

Contraction  of  area,  8.4  per  cent. 

Fractured  1".4  from  the  neck. 

Appearance,  granular  80  per  cent,  amorphous,  flaky.,  20  per  cent. 
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OABBOK   AND  NICKEL   8TSEL   INGOTS. 


No.  7622. 
Longitudinal  specimen. 
Natural  state. 
Marks,  N2-P. 
Dianoieter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 


Applied 

loaoB,  per 

square 

inch. 


In  ganged  length. 


Elonga- 
tion. 


Set 


Remarka. 


Poundt. 
1,000 
5,000 
10,000 
20,000 
25,000 
80,000 
81,000 
82,000 
88,000 
84,000 
85,000 
86,000 
87,000 
88,000 
89,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
60,400 
0 


Inch, 
0. 
.0006 

.0010 
.0020 
.0026 
.0068 
.0068 
.0041 
.0044 
.0040 
.0066 
.0067 
.0074 
.0060 
.0102 
.0160 


.0465 
.0610 
.0666 


IndL 
0. 
0. 
0. 
0. 
0. 
.0001 


InitlAlload. 


Blastlc  limit. 


.0017 


.0102 


.0801 


.14 


Tendle  strength. 
=  4.7  per  cent 


Elongation  of  inch  sections,  ".03,  ".09*,  ".02. 
Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Fractured  V'A  from  the  neck. 

Appearance,  granular,  60  per  cent;  belts  of  light  and  dark  colored 
amorphous  metal,  40  per  cent. 


NO.   7''.20,   N2-K. 


NO.    7522,  N2-P. 


FRACTUPEl^   LfJDS  C^   TENSILE  S^ECMENS   FROM   NIC^'-EL    STrc.^    iNliC)T. 
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OABBOK   AND   NIOKEL   STEEL   INGOTS. 

No.  7532. 

Longitudinal  specimen. 

Heated  full  cherry  and  quenched  in  oil. 

Marks,  N2-Q. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 
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Applied 
loads  per 

iquare 

inch. 

In  gauged  length. 

Bemarkii. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

5,000 

10,000 

20,000 

30.000 

35,000 

40.000 

45,000 

60,000 

55,000 

00,000 

65,000 

70,000 

75,000 

80.000 

85,000 

90,000 

95,000 

100,000 

104,000 

108,000 

112,000 

115,200 

0 

Inch. 
0. 
.0004 

.0010 

.0021 

.0034 

.0048 

.0052 

.0061 

.0071 

.0062 

.0006 

.0111 

.0181 

.0152 

.0184 

.0225 

.0282 

.0888 

.0485 

.05 

.07 

.09 

Inch, 

0. 

0. 

Initial  load. 

Tensile  strength. 
=  4.3  per  cent. 

.0002 

.0010 

.0019 

.0090 

.0051 

.0091 

.0172 

.0809 

.18 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".03,  ".07*,  ".03. 
Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Fractured  1".3  from  the  neck. 

Appearance,  dull  silky,  coarsely  serrated.     Two  minute  discolored 
spots  at  circumference. 
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OABBON    AND    NICKEL   STEEL   INGOTS. 

No.  7525. 


Longitudinal  specimen. 

Heated  full  cherry,  quenched  in  oil,  and  annealed  at  1,(KX)^  db  F. 

Marks,  N2-E. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30.000 
35,000 
40,000 
50,000 
60,000 
70,000 
76,000 
78,000 
80,000 
81,000 
82,000 
83,000 
84,000 
85,000 
86,000 
88,000 
90,000 
92,000 
96,000 
100,000 
101,200 
0 

Inch. 

0. 
.0004 
.0010 
.0021 
.0032 
.0087 
.0043 
.0053 
.0063 
.0078 
.0086 
.0092 
.0100 
.0110 
.0120 
.0182 
.0160 
.0181 
.0215 
.0350 
.0518 
.07 
.11 
.19 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit  about  75,000  pounds  per  square  inch. 

Tensile  strength. 
=  12.3  per  cent. 

0. 

0. 
0. 
0. 
0. 

.0014 

.0407 

.37 

Elongation  of  inch  sections,  ".04,  ".10,  ".23*. 
Diameter  at  fracture,  ".41;  area,  .1320  square  inch. 
Contraction  of  area,  47.2  per  cent. 
Fractured  ".5  from  the  neck. 
Appearance,  dull  silky,  oblique. 


OAKBON    AND   NICKEL   STEEL  INQOTB. 
No.  7633. 
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Longitudinal  specimen. 

Heated  full  cherry,  quenched  in  oil,  and  annealed  at  1,000°  it  F. 

Marks,  N2-K. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

BQuare 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 

Set. 

Pmndt. 
1,000 
5,000 
10.000 
20,000 
80,000 
40,000 
60,000 
60,000 
68,000 
69,000 

68,000 

69,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
84,000 
88,000 
89,600 
0 

Inch. 

0. 

.0008 
.0009 
.0020 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=  10.7  per  cent. 

.0030 
.0041 
.0051 
.0061 
.0071 
.0090 
j        .0112 
\        .0160 
.0188 
.0280 
.0272 
.0832 
.0476 
.0608 
.0726 
.12 
.18 

0. 
0. 
0. 
0. 

.0150 

.0620 

.82 

Elongation  of  inch  sections,  ".04,  ".06,  ".23*. 
Diameter  at  fracture,  ".46;  area,  .1662  square  inch. 
Contraction  of  area,  33.6  per  cent. 

Fractured  ".2  from  the  neck.      Appearance,  dull   silky;  oblique, 
pitted  surface. 
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OABBOK   AND   NICKEL   STEEL   INGOTS. 
No.  7528. 


Transverse  specimen. 

Heated  low  yellow  and  quenched  in  oil. 

Marks,  N2-J. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


In  gauged  length. 

Applied 
loaORper 

5 

Remarks. 

square 
inch. 

Elonga- 
tion. 

Set. 

Pounds, 

Inch. 

Inch. 

1,000 

0. 

0. 

Initial  load. 

5,000 

.0004 

0. 

10.000 

.0010 

20,000 

ao,ooo 

.0021 

.0086 

.*666b  " 

S5,000 

.0044 

.0007 

40,000 

.0060 

.0009 

45,000 

.0068 

.OOlD 

60,000 

.0068 

.0012 

55,000 

.0077 

.0016 

eo,ooo 

.0069 

.0020 

65,000 

.0099 

.0025 

70,000 

.0111 

.0082 

75,000 

.0128 

.0040 

80,000 

.0140 

.0050 

85,000 

.0160 

.0061 

90,000 

.0187 

.0080 

95,000 

.0215 

.0100 

100,000 

.0251 

.0185 

105,000 

.0299 

.0171 

110,000 

.0881 

.0246 

110,400 
0 

Teniile  strength. 
-2  per  cent 

......^.... 

Elastic  limit  indefinite. 
Elongation  of  inch  sections,  '^01, 
Diameter  at  fracture,  ".56;  area, 
Contraction  of  area,  5  per  cent. 
Fractured  1"  from  the  neck. 
Appearance,  granular;  streaks  of 
tured  surface. 


".01,  ".04*. 

.2876  square  inches. 


light-colored  metal  across  frac- 


CARBOK    AND  NICKEL   STEEL   INGOTS. 

No.  7530. 
Lon^tudinal  specimen. 
Heated  low  yellow  and  quenched  in  oil. 
Marks,  N2.N. 
Diameter,  ".664. 
Sectional  area,  ".25  square  inch. 
Gauged  length,  3". 
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AppUert 

loaosper 

square 

mch. 

In  gauged  length. 

Remarks. 

ElongBr 
tlon. 

Set. 

Pwmdt. 
1,000 
6,000 
10,000 
20,000 
80,000 
36,000 
40,000 
46,000 
£0,000 
66,000 
60,000 
66,000 
70,000 
76,000 
80,000 
86,000 
90,000 
96,000 
98,000 
0 

Inch. 
0. 
.0004 

.0010 
.0022 
.0068 
.0048 
.0061 
.0060 
.0060 
.0078 
.0097 
.0096 
.0107 
.0119 
.0188 
.0149 
.0168 
.0192 

Inch. 

0. 

0. 

Initial  load. 

Tensile  etrength. 
=  1.7  per  cent 

.0002 
.0008 

.0007 
.0009 

.0012 
.0016 
.0019 
.0021 
.0029 
.0084 
.0042 
.0060 
.0066 
.0061 

.06  . 

.00,  ".01. 
!2376  square  inch. 


Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".04*, 

Diameter  at  fracture,  ".55;  area, 

Contraction  of  area,  5  per  cent. 

Fractured  ".75  from  the  neck. 

Appearance,  dull  silky,  trace  of  granulation. 

Defective  specimen.  A  crack  .08  deep  with  dark-colored  walls 
existed  in  the  stem  at  the  place  of  fracture.  The  discoloration  was 
attributed  to  the  operation  of  heating. 
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CARBON   AKD   NICKEL   STEEL   LNGOTB. 

No.  7529. 


Transverse  specimen. 

Heated  low  yellow,  quenched  in  oil,  and  annealed  at  1,000^  db  F. 

Marks,  N2-L. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


loa&per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
50.000 
60,000 
70,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92.000 
93,680 
0 

Inch. 

0. 

.0004 
.0010 
.0021 
.0032 
.0087 
.0042 
.0054 
.0066 
.0077 
.0086 
.0092 
.0120 
.0175 
.0228 
.0300 
.0378 
.0540 
.0665 
.0810 
.1050. 
.12 

Inch, 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=7  per  cent. 

0. 

0. 
0. 
0. 
.0001 

.0201 

.0928 

.21 

Elongation  of  inch  sections,  ".05,  ".11*,  ".05. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Fractured  1".48  from  the  neck. 

Appearance,  dull  silkj^,  oblique.      Streak  of   light-colored 
across  fractured  surface. 


metal 


CABBON   AND   NICKEL   STEEL   INGOTS. 
No.  7531. 
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Longitudinal  specimen. 

Heated  low  veUow,  quenched  in  oil,  and  annealed  at  1,000^  d=  F. 

Marks,  N2-0. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


AppUed 

loads  per 

sqoare 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
86.000 
40,000 
46,000 
60,000 
66,000 
60,000 
66,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,200 
0 

'    Inch. 
0. 
.0004 
.0009 

.0020 
.0081 
.0087 
.0042 
.0M9 
.0064 

.0067 
.0076 
.1080 
.0086 
.0094 
.0108 
.0147 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 

Tensile  strength. 
=1.7  per  cent. 

0. 

0. 

0. 

0. 
.0002 

.0058 

.06 

Elongations  of  inch  sections,  ".00,  ".01,  ".04*. 
Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 
Contraction  of  area,  8.4  per  cent. 
Fractured  ".65  from  the  neck. 

Appearance,  dull  gray,  amorphous  in  part,  with  streak  of  light- 
colored  metal. 

Defective  specimen.     Cmck  with  discolored  walls  i"  by  |". 
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OABBON   AND   NICKEL   ST££L   INGOTS. 
No.  7623. 


liongitudinal  specimen. 

Heated  bright  yellow  and  quenched  in  oil. 

Marks,  N2-B. 

Diameter,  ".664. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 


AppUed 

loads  per 

square 

inch. 

Remarks. 

Elonga- 

UOD. 

Set. 

Pmmds, 
1,000 
5,000 
10,000 
20,000 
30,000 
85,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
104.000 
120,000 
182,000 
140,000 
144,000 
148,000 
151,200 

Inch. 

0. 
.0008 
.0010 
.0020 
.0082 
.0089 
.0046 
.0058 
.0060 
.0068 
.0076 
.0064 
.0095 
.0108 
.0118 
.02 
.08 
.04 
.05 
.07 
.10 

Inch. 

0. 

0.' 

Initial  load. 

Tensile  strength. 
=  5  per  cent. 

.0001 
.0001 
.0002 
.0004 
.0008 
.0009 
.0011 
.0014 
.0019 
.0021 
.0028 

0 

.is 

.07*,  ".03. 


Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".06, 

Diameter  at  fracture,  ".62;  area,  .2124  square  inch. 

Contraction  of  area,  16  per  cent. 

Fractured  1".3  from  the  neck. 

Appearance,  granular,  cup-shaped. 


OABBOK   AND   NICKEL   STEEL   INGOTS. 

No.  7526. 
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Transverse  specimen. 

Heated  bright  yellow,  quenched  in  oil. 

Marks,  N2-G. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


loaoiper 

In  gauged  length. 

Remarks. 

square 
Inch. 

Elonga- 
tion. 

Set 

Pwmdt. 

Inch. 

Inch. 

1,000 

0. 

0. 

IniUal  load. 

6,000 

.0004 

0. 

10,000 

.0010 

20,000 

.0022 

80,000 

.0084 

'666i** 

40.000 

.0048 

.0004 

60,000 

.0061 

.0006 

66,000 

.0070 

.0010 

00,000 

.0078 

.oou 

66,000 

.0066 

.0016 

70,000 

.0004 

.0018 

76,000 

.0102 

.0021 

80,000 

.0112 

.0026 

86,000 

.0122 

.0080 

90,000 

.0187 

.0089 

06,000 

.0147 

.0042 

100,000 

.0166 

.0061 

106,000 

.0176 

.0061 

110,000 

.0197 

.0076 

116,000 

.0218 

.0090 

120,000 

.0240 

.0108 

126,000 

.0270 

.0130 

180,000 

.0904 

.0168 

140,000 

.04 

160,000 

.06 

166,800 

............ 

0 

*i2**" 

=4  per  cent. 

Elastic  limit  indefinite. 

Elongation  of  inch  sections,  ".02,  ".02,  ".08*. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 

Fractured   ".2   from   the  neck.     Appearance,  dull   gray,   slightly 
granular.     General  surface  close  approach  to  silky. 
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CABBOK    AND   NICKEL    STEEL   INGOTS. 

No.  7524. 


Longitudinal  specimen. 

Heated  bright  yellow,  quenched  in  oil,  and  annealed  at  1,000°  d=  F. 

Marks,  N2-C. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
60,000 
60,000 
70,000 
72,000 
74,000 
72,000 
73,000 
74,000 
75,000 
76,000 
78,000 
80,000 
82,000 
84,000 
88,000 
92,000 
95,000 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch, 
0. 

.0004 

.0010 

.0020 

.0030 

.0040 

.0061    i 

.0061 

.0071 

.0074 

.0077 

.0119 

.0134 

.0170 

.0198 

.0290 

.0389 

.0510 

.0580 

.0742 

.11 

.16 


Set. 


Inch. 

0. 

0. 


.0408 


.43 


RemarkN. 


Initial  load. 


ElftAtic  limit. 
Load  fell. 


Tensile  strength 
^14.3  per  cent. 


Elongation  of  inch  sections,  ".30*,  ".08,  ".05. 
Diameter  at  fracture,  ".41;  area,  .1320  square  inch. 
Contraction  of  area,  47. 2  per  cent. 

Fractured  ".75  from  the  neck.     Appearance,  dull  gi'ay  amorphous, 
oblique.     Coarsely  serrated. 


CARBON    AND   NICKEL   STEEL   INGOTS. 
No.  7627. 
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Transverse  specimen. 

Heated  bright  yellow,  quenched  in  oil,  and  annealed  at  1,000^  d=F. 

Marks,  N2-I. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Ganged  length,  3". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Kemarks. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
6.000 
10,000 
20,000 
80,000 
40,000 
60,000 
60,000 
70,000 
73,000 
74,000 
75,000 
76,000 
78,000 
80.000 
84,000 
88,000 
92,000 
94,400 
0 

Inch, 

0. 

.0004 
.0010 
.0020 
.0031 
.0048 
.0063 
.0066 
.0076 
.0078 
.0081 
.0148 
.0178 
.0345 
.0470 
.08 
.12 
.18 

Inch. 

a. 

0. 

Initial  load. 

Elastic  limit. 

Tensile  strength. 
=19  per  cent. 

0. 
0. 

0. 
0. 

.0370 

.67 

Elongation  of  inch  sections,  ".36* 
Diameter  at  fracture,  ".37;  area, 
Contraction  of  area,  67  per  cent. 
Fractured  ".96  from  the  neck, 
tains  several  light-colored  spots. 

H.  Doc.  336 16 


,  ".13,  ".OS. 
.1076  square  inch. 

Appeai*ance,  silky.     Surface  con 
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Specimens  from  Block  B4",  piece  a.  Metal  drawn  down  at  a  weld- 
ing heat  in  the  forge  shop  to  a  bar  about  1".5  diameter  by  48"  long, 
from  which  tensile  specimens  were  taken. 

No.  7471. 

Marks,  Carbon  B4-al. 
Diameter,  1".129. 
Sectional  area,  1.00  square  inch. 
Length  of  stem,  18". 
Gauged  length,  10". 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds, 
1,000 
5,000 
10.000 
20,000 
80,000 
85,000 
86,000 
87,000 
38,000 
89,000 
40,000 
41,000 
42.000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50.000 
1,000 
1,000 
65.000 
60,000 
64,700 
0 

Inches. 
0. 

.0014 
.0080 
.0063 
.0098  ' 
.0116 
.0120 
.0640 
.0720 
.0650 
.1850 
.2050 
.2140 
.2250 
.2400 
.2620 
.2800 
.3000 
.3200 
.3450 
.3660 

Inch. 

0. 

0. 

Initial  load. 
Kliutic  limit. 

0. 

.0001 
.0002 

.8456 

Rested  1  hour. 

Tensile  strength. 
=  84. 3  per  cent. 

.85 
.54 
.88 

2.43 

Elongation  of  inch  sections,  ".20,  ".21,  ".21,  ".18,  ".19,  ".19,  ".19, 
".18,  ".20,  ".40*,  ".30,  ".21,  ".20,  ".2i,  ".19,  ".17. 
.   Diameter  at  fracture,  ".88;  area,  .6082  square  inch. 

Contraction  of  area,  39.2  ^r  cent. 

Appearance  of  fracture,  silky,  containing  a  seam  about  ".15  deep 
near  flie  circumference. 
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CARBON    AND   NICKEL   STEEL    INGOTS. 


No.  7472. 


Marks,  Carbon  B4-a2. 
Diameter,  1".129. 
Sectional  area,  1.00  square  inch. 
Length  of  stem,  18". 
Gauged  length,  10". 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80.000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 

1,000 

1,000 

55.000 

60,000 

62,400 

0 

Inches. 
0. 

.0014 
.0082 
.0066 
.0100 
.0115 
.0182 
.0185 
.2500 
.2640 
.2800 
.3000 
.3210 
.3450 
.3610 
.8815 
.5075 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Rested  1  hour. 

Tensile  strength. 
=  33.6  per  cent. 

0. 
.0001 
.0001 

.4052 

.42 

.55 

1.07 

3.36 

Elongation  of  inch  sections,  ".12,  ".13,  ".17,  ".18,  ".19,  ".19,  ".17, 
".18,  ".17,  ".18,  ".19,  ".18,  ".21,  ".19,  ".40,  ".51"-. 
Diameter  at  fracture,  ".78;  area,  .4778  square  inch. 
Contraction  of  area,  62.2  per  cent. 
Appearance  of  fracture,  silky,  containing  a  seam  about  ".40  deep. 


BENDING  TEST. 


Specimen  from  Block  B4,  piece  5,  was  drawn  out  under  the  hammer 
to  a  bar  28".75long,  and  which  finished  1".62  by  1".75  in  cross-section 
dimensions.  This  bar  was  bent  cold  through  180  degrees  and  closed 
down  without  rupture.  Minute  longitudinal  lines,  dark  in  color, 
appeared  on  the  tension  side  of  the  bend. 


STEEL  SUSPENDER  RODS  FROM  NEW  YORK 
AND  BROOKLYN  BRIDGE. 
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Steel  Suspender  Sods  from  the  New  York  and  Brooklyn 

Bridge. 

Tests  having  reference  to  the  strength  of  suspender  rods,  seven  of 
which  in  the  bridge  were  found  broken  July  24,  1901. 

Elongations  and  sets  determined  during  the  progress  of  the  tests 
were  by  means  of  observations  made  upon  the  movable  head  of  the 
testing  machine. 

The  rods  were  pulled  by  attaching  special  fixtures  to  a  pin  passing 
through  the  eye  at  the  head  of  the  rod  at  one  end  and  pulling  against 
the  nut  on  the  opposite  end,  thus  applying  loads  in  the  same  manner 
direct  tensile  stresses  would  be  received  by  the  rods  in  place  in  the 
bridge. 

The  attachment  employed  to  secure  the  rods  to  the  testing  machine 
rendered  the  test  pieces  inaccessible  at  the  time. 

Incipient  cracks  at  the  roots  of  the  threads  in  the  old  rods,  Nos.  4, 
6,  6,  and  8,  were  developed  by  the  tests.  The  cracks  extended  around 
part  of  the  circumference  of  the  rods,  but  were  generally  located  at 
the  extremities  of  the  diameter  which  was  parallel  to  the  axis  of  the 
bridge.  These  cracks  were  seldom  found  on  the  sides  of  the  rods 
taken  crosswise  the  direction  of  the  length  of  the  bridge  Their  dis- 
position is  regarded  as  significant  with  reference  to  explaining  the 
causes  which  contributed  to  the  failure  in  service  of  some  of  the  rods 
by  indicating  the  direction  in  which  the  overstraining  forces  acted. 

The  direct  tensile  stress  on  the  suspender  rods  m  service,  under 
normal  conditions  of  loading,  is  stated  to  be  11  tons. 

Rod  No.  1,  with  New  Welded  End 

Diameter  of  body,  2i". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  12". 43. 
Gauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine. 


VcSr* 

In  gauged  length. 

• 

Remarks. 

Elonga- 
tion. 

Set. 

Poundi. 

1,000 

60,000 

75,000 

100,000 

123,100 

125,000 
145,000 

Inch. 

0. 

.08 

.11 

.14 

f           .21 

^     :i? 

Inch. 
0. 
.08 
.04 
.07 
.18 

Initial  load. 

Tensile  strength -29,600  pounds  per  square  inch  on  body 
of  rod. 

Fractured  through  the  head  in  front  of  the  pin  hole. 
Appearance,  granular,  radiating  from  the  seamy  spot  at  outside  of 
the  head. 
Elongation  on  gauged  length  over  thread,  ".17. 
Elongation  on  gauged  length  over  head,  ".08. 
Elongation  of  pin  hole,  ".09. 
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STEEL   SUSPENDER   RODS. 


Rod  No.  2,  with  New  Welded  End. 

Diameter  of  body,  2i". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  12". 
Gauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine. 


Yosr 

rtninds. 
1,000 
50,000 
75,000 
100,000 
126,000 
126,000 
150,000 
160.000 
195,800 

In  gauged  length. 

ReniarlcH. 

Elonga- 
tion. 

Inch. 
0. 
.07 
.10 
.12 
.18 
.21 
.39 
.50 

Set. 

Inch. 
0. 
.01 
.02 
.14 
.10 
.13 
.30 

Initial  load 

Set  on  gauged  length  over  thread, ".03 
Set  on  gauged  length  over  thread, ".  08, 
Set  on  gauged  length  over  thread,".  19. 

Tensile  strength =40. 000  pounds  per  square  inch  on  bo«ly 
of  rod. 

Fractured  through  the  head  in  front  of  the  pin  hole. 
Appearance,  granular. 

Elongation  on  gauged  length  over  thread,  ".62. 
Elongation  on  gauged  length  over  head,  ".16. 
Elongation  of  pin  hole,  ".15. 

Rod  No.  3,  with  New  Welded  End. 

Diameter  of  bod}',  2i". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  12". 
Gauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  mejisurements  taken  on 
the  moving  parts  of  the  testing  machine. 


Ycsr 

In  gauged  length. 

• 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
26.000 
60,000 
76,000 
100,000 
125.000 
128.700 
140,000 
150,000 
160,000 
164,300 

Inch. 
0. 
.05 
.08 
.10 
.12 
.14 
.16 
.26 
.31 
.39 

Inch. 
0. 
.03 
.04 
.04 
.05 
.06 
.09 

Initial  load. 

Set  on  gauged  length  over  thread,''. 01. 
Set  on  gauged  length  over  thread, ".  04. 

Set  on  gauged  length  over  thread, '».  16. 

Tensile  strength  » S3, 600  pounds  per  square  inch  on  body 
of  rod. 

.22 

Fractured  through  the  head  in  front  of  the  pin  hole. 
Appearance,  granular,  radiating  from  a  seamy  spot  at  the  corner  of 
the  fractured  surface,  outside  of  head. 
Elongation  on  gauged  length  over  thread,  ".24. 
Elongation  on  gauged  length  over  head,  ".11. 
Elongation  of  pin  hole,  ".13. 


STEEL   SUSPENDER   RODS.  249 

Rod  No.  4.     Old  Rod  which  had  been  Heated  at  Threaded  End. 

Diameter  of  body,  2i\". 
Sectional  area,  5.16  square  inches. 
Gauged  length  over  thread,  18".  50. 
Gauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on 
the  moving  parts  of  the  testing  machine. 


*&«• 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

25,000 

75,000 
100,000 
125.000 
150,000 
160,000 
162,000 
176,000 
200,000 
225,000 
250,000 
272,600 

Inches. 

0. 
.07 
.12 
.15 
.18 
.21 
.25 
.28 
.80 
.34 
.M 
.76 

1.06 

Inch. 
0. 
.08 
.05 
.07 
.08 
.11 
.14 

Initial  load 

Set  on  gauged  length  over  thread,  ".02. 
Set  on  ganged  length  over  thread,  ".08. 

Set  on  gauged  length  over  thread,  ".06. 
Set  on  gauged  length  over  thread,  ".09. 
Set  on  gauged  length  over  thread,  ".14. 

Tensile  strength »62,900  pounds  per  square  Inch  on  hodj- of 
rod. 

.19 
.23 
.41 

Fractured  through  the  head  in  front  of  pin  hole. 

Appearance,  granular,  seamy  metal  at  corner  at  outside  of  the  head. 
Opened  cracks  at  root  of  thread  immediately  below  the  most  worn 
part.  These  cracks  presented  dark-colored  surfaces,  and  were  evi- 
dently the  development  of  incipient  cracks  which  began  when  the  rod 
was  in  the  bridge,  and  discolored  when  the  rod  was  subsequently  heated 
in  a  smith's  fire.  The  cracks  were  on  opposite  sides  of  the  rod,  about 
30  degrees  from  a  diameter  parallel  to  tne  axis  of  the  bridge. 

Elongation  on  gauged  length  over  thread,  ".66. 

Elongation  on  gauged  length  over  head,  ".36. 

Elongation  of  pin  hole,  ".34. 
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Rod  No.  5.     Old  Rod  which  had  been  Heated  at  Threaded  End. 

Diameter  of  body,  2^". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  19".  50. 
Gauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine. 


^?2r 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

PoundUf. 
1,000 
60,000 
76,000 
100,000 
126,000 
150,000 
160,000 
161,200 
175,000 
200,000 
225,000 
250,000 
257,000 

Iiu:?ies. 
0. 
.06 
.08 
.12 
.16 
.22 
.28 
.29 
.34 
.57 
.80 

Inch. 

0. 
.02 
.03 
.05 
.07 
.12 

Initial  load. 

Set  on  gauged  length  over  thread,  ".03. 
Set  on  gauged  length  over  thread,  ''.07. 
Set  on  gauged  length  over  thread,  ".24. 

Tensile  strength  =52,400  pounds  per  square  inch  on  body 
of  rod. 

.19 
.23 
.44 

1.12 

! 

Fractured  in  the  threaded  section,  12"  from  the  end  of  the  rod. 

Appearance,  granular,  with  dark-colored  spots  at  the  circumference, 
extending  inward  varying  distances  up  to  i".  Opened  cracks  at  the 
root  of  the  thread  in  the  vicinity  of  the  fracture,  which  were  located 
at  different  places  on  the  circumference  of  the  rod,  excepting  the  sides 
at  right  angles  to  the  axis  of  the  bridge,  in  which  parts  the  cracks 
were  seldom  present.  These  cracks,  like  tnose  in  the  rod  No.  4,  appar- 
entlv  represent  progressive  fractures  which  were  in  progress  in  the 
bridge,  the  surfaces  of  which  were  discolored  when  the  rod  was  sub- 
sequently exposed  to  the  heat  of  the  smith's  fire. 

Elongation  on  gauged  length  over  thread,  ".69. 

Elongation  on  gauged  length  over  head,  ".12. 

Elongation  of  pin  hole,  ".12. 
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Rod  No.  6.     Old  Rod  which  had  been  Heated  at  Threaded  End. 

Diameter  of  body,  2^^', 
Sectional  area,  5.15  square  inches. 
Grauged  length  over  thread,  21". 
Gauged  length  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on 
the  moving  parts  of  the  testing  machine. 


Applied 
loads. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

25,000 

50,000 

75,000 

100,000 

125,000 

150,000 

160,000 

161,600 

175,000 

200,000 

225,000 

248,800 

Inch. 
0. 
.06 
.10 
.13 
.16 
.18 
.26 
.33 
.34 
.41 
.61 
.86 

Inch. 
0. 
.02 
.04 
.06 
.06 
.08 
.16 

Initial  load. 

Sot  on  gauged  length  over  thread,  ".01. 
Set  on  gauged  length  over  thread,  ".05. 

Set  on  gauged  length  over  thread,  ".10, 

Set  on  gauged  length  over  thread,  ".30. 

Tensile  strength =48,200  pounds  per  square  Inch  on  body 
of  rod. 

.28 
.47 

Fractured  13".  25  from  end  of  rod. 

Appearance,  granular,  with  dark-colored  spots  at  the  circumference, 
|>enetratin^  varying  distances  up  to  ".15. 

Elongation  on  gauged  length  over  thread,  ".74. 
Elongation  on  gauged  length  over  head,  ".12. 
Elongation  of  pin  hole,  ".13. 
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Rod  No.  7.     Old  Rod  which  had  i^een  Heated  at  Threaded  Ekd. 

Diameter  of  body,  2i". 
Sectional  area,  4.9  square  inches. 
Gauged  length  over  thread,  21". 
Gauged  len^h  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine.^ 


Applied 
loads. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
25,000 
60,000 
76,000 
100,000 
125,000 
150,000 
176,000 
195,400 
200,000 
225,000 
260,000 
818,600 

Inches. 
0. 
.10 
.14 
.18 
.21 
.23 
.28 
.37 
.62 
.67 
.80 
1.13 

Inch. 
0. 

.04-^ 

.06 

.07 

.09 

.10 

.15 

.24 

.37 

.41 

Initial  load 

Set  on  gauged  length  over  thread,  0". 
Set  on  gauged  length  over  thread,  ".07. 
Set  on  gauged  length  over  thread,  ".U. 
Set  on  gauged  length  over  thread,  ".19. 

Set  on  gauged  length  over  thread,  ".49. 
Tensile  strength  =  66,000  pounds  per  square  inch  on  body 
of  rod. 

.92 

Fractured  12"  from  the  end  of  the  rod,  near  the  upper  end  and  most 
reduced  part  of  the  worn  section. 
Appearance,  granular.     No  cracks  opened  at  the  root  of  the  thread. 
Elongation  on  gauged  length  over  thread,  2". 05. 
Elongation  on  gauged  length  over  head,  ".30. 
Elongation  of  pin  hole,  ".35. 
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Rod  No.  8.    Old  Rod  which  had  been  Heated  at  Threaded  End. 

Diameter  of  body,  2-f^'\ 
Sectional  area,  5.15  square  inches. 
Grauged  length  over  thread,  16". 
Gauged  len^h  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  parts  of  the  testing  machine. 


YcSr 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Set. 

Paunda. 
1,000 
25,000 
60,000 
75,000 
100,000 
125,000 
150,000 
175,000 
186,300 
200,000 
225,000 
260,000 
284,900 

Inch. 
0. 
.04 
.07 
.10 
.12 
.15 
.18 
.26 
.33 
.41 
.58 
.81 

Inch. 
0. 
.02 
.02 
.03 
.04 
.05 
.08 
.15 
.21 
.28 

Initial  load. 

Set  on  ganged  length  over  thread.  ".01. 
Set  on  gauged  length  over  thread,  ".03. 
Set  on  gauged  length  over  thread,  ".08. 
Set  on  gauged  length  over  thread,  ".12. 
Set  on  gauged  length  over  thread,  ".17. 

Set  on  gauged  length  over  thread,  ".  42. 
Tensile  strength =55,300  pounds  per  square  inch  on  body 
of  rod. 

.64 

Fractured  11". 75  from  end  of  rod. 

Appearance,  granular,  radiating  from  a  dark-colored  spot  at  the  cir- 
cumference. (Sacks  with  dark-colored  surfaces  developed  at  the  roots 
of  the  threads  in  the  vicinity  of  the  fracture.  These  cracks  were  of  the 
same  description  as  those  found  in  other  rods.  They  were  generally 
located  in  and  near  the  plane  of  the  diameter  of  the  rod  wnich  was 
parallel  to  the  axis  of  the  bridge.  There  were  no  cracks  opened  in  the 
threads  at  right  angles  to  the  axis  of  the  bridge.  It  is  understood  in 
this  connection  that  the  axes  of  the  pins  through  the  heads  of  the  ro(Js 
occupied  a  position  in  the  bridge  at  right  angles  to  the  direction  of 
the  length  of  the  bridge.  A  number  of  these  cracks  were  visible  after 
250,000  pounds  tension  had  been  applied  to  the  rod. 

Elongation  on  gauged  length  over  thread,  ".81. 

Elongation  on  gjauffed  length  over  head,  ".15. 

Elongation  of  pin  hole,  ".15. 
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Rod  No.  10.     New  Rod. 


Diameter  of  body,  2f ". 
Sectional  area,  5.94  square  inches. 
Gauged  length  over  thread,  8". 
Gauged  len^h  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on 
the  moving  parts  of  the  tcvsting  machine. 


Ycsr 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Pounds. 

Inches. 

Inch. 

1,000 

0. 

0. 

26,000 

.06 

.03 

60,000 

.10 

.ft5 

75,000 

.13 

.06 

100,000 

.16 

.07 

126,000 

.18 

.08 

160,000 

.21 

.09 

175,000 

.24 

.10 

200,000 

.27 

.12 

225,000 

.32 

.15 

242,700 

.36 

.19 

245,000 

.39 

.21 

250,000 

.41 

275,000 

.48 

.28 

300,000 

.65 

.43 

326,000 

.87 

.61 

376,000 

1.27 

.96 

448,000 

RemarkH. 


Initial  load. 


Set  on  gauged  length  over  thread,  0". 
Si-t  on  gauged  length  over  thread,  ".02. 
Set  on  gauged  length  over  thread /'.02. 

Set  on  gauged  length  over  thread,  ".04. 
Set  on  gauged  length  over  thread,  ".08, 
Set  on  gauged  length  over  thread,  'Ml. 
Set  on  gauged  length  over  thread,  ".18. 
Tensile  strength =74,600  pounds  per  square  inch  on  body 
of  rod. 


Fractured  at  the  thread,  7".  75  from  the  end  of  the  rod. 
Appearance,  granular. 

Elongation  on  gauged  length  over  thread,  ".47. 
Elongation  on  gauged  length  over  head,  ".46. 
Elongation  of  pin  hole,  ".43. 


STEEL   8USPENDEB  ROBS. 

Rod  No.  11.    New  Rod 
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Diameter  of  body,  21". 
Sectional  area,  6.94  square  inches. 
Gauged  length  over  thread,  8". 
Gauged  len^h  over  head,  5". 

The  elongations  tabulated  below  refer  to  measurements  taken  on  the 
moving  paihbs  of  the  testing  machine. 


7^f 

In  gauged  length. 

Remarks. 

£longa- 
tlon. 

Set. 

Pounds. 

1,000 

25,000 

50,000 

75,000 

100,000 

125,000 

150,000 

175,000 

200,000 

225,000 

250.000 

258,600 

255,000 

275,000 

300,000 

385,200 

Inch. 
0. 
.05 
.08 
.11 
.18 
.15 
.17 
.20 
.28 
.26 
.80 
.38 
.35 
.40 
.49 

Inch. 

.08 
.04 
.04 
.05 
.05 
.06 
.08 
.10 
.12 
.15 
.17 
.20 
.29 

Initial  load. 

Set  on  gauged  length  over  thread,  '^. 
Set  on  gauged  length  over  thread,  ".02. 
Set  on  gauged  length  over  thread,  ".03. 
Set  on  gauged  length  over  thread,  ".05. 
Set  on  gauged  length  over  thread,  ".08. 
Tensile  strength =56,400  pounds  per  square  inch  on  body 
of  rod. 

Fractured  in  the  head,  across  the  pin  hole. 

Appearance,  granular,  radiating  from  the  corner  of  the  fractured 
surfaces. 

Elongation  on  gauged  length  over  thread,  ".12. 
Elongation  on  gauged  length  over  head,  ".19. 
Elongation  of  pin  hole,  ".17. 
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NO.   3 

AKf'FiWAv.cc    OF   NEW    K'0[  «;.   SHO//  UG    LOCATION    O^    t^nArijh'ES 


NO.   7. 

Ff^ACTURED   SURFACE  OF   ROD   NO.  5.  MADE   DURING  TESTING. 

THE   DARK   SPOTS  AT  THE   CIRCUMFERENCE,   BELOW  THE   THREAD,  SHOW   INCIPIENT 

rvACi^S   EXI^^ING  IN   THE   ROD    BEf^ORE  TE5T'^,G. 


MFPOTNFF    CC'..    CC'-.i. 


NO.  ft. 

FRACTURED   SURFACF    OF  ROD   NO.  G,  MADE   DURING  TESTING. 

THE  DARK   SPOTS  AT  THE   CIRCUMl^ERENCE,  BELOW  THE  THREAD,  SHOW   INCIPIFNT 

CRACKS   EXISTING  IN   THE   ROD   BEFORE   TESTING. 


MELiOTYPE    CO.,    B08T0N. 


THREADED   PART   OF   UOD    NO.   ^,   Si  ,OWl'J«j    ;rN.<~;FltN'    CCAi.  KS  A'    KoOT    OF    ^HPEADS 
WHICH   FXiSTr."l   IN   THt    ROD    RFFORE   TESTING. 


h'EUOTYPE    CO..    BOSTON. 


THREADED   PART  OF  ROD   NO.  8,  SHOWING   INCIPIENT  CRACKS  AT   ROOT   OF   THREADS, 
WHICH  EXISTED   IN  THE  ROD   BEFORE  TESTING. 


HFfOTvPF    CO..    BC18TON. 
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Endurance  of  Rotating  Shafts. 

DETAILS  of  tests. 

No.  300.     Marks,  9-Cl. 

Turned  down  from  bar  li"  diameter;  0.82  per  cent  carbon.     Hot 
rolled  bar. 
Diameter,  1".     Speed  of  rotation,  1,800  and  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 

fiber 
stress 

per 
square 
Inch. 

Number  of  rotations. 

Micrometer  readings 
for  deflections. 

De- 
flec- 
tion*. 

Setii. 

Remarks. 

SuccesBiye. 

Total. 

On 
lina 

Un- 
load- 
ed. 

Tioad- 
ed. 

Un- 
load- 
ed. 

Pound* 
80,000 

85,000 
40,000 
46,000 

0 

0 

a 
b 
c 

Inch. 
.2006 
.2002 
.2003 

Inch. 
.1766 
.1763 
.1767 

Inch. 
.2005 
.2002 
.2002 

Inch. 
.0240 
.0239 
.0235 

Inch. 
0. 
0. 
.0001 

Bar  rested  without  load 
an  interval  of  6  years 
7  months,  at  the  end 
of  which  rest  the  test 
was  resumed,   the 
speed  of  rotation  now 

other  conditions  oi 
the  test  as  before. 

Bar  rupturedatthe  south 
edge  of  north  middle 
bearing. 



49,477,800 
0 

49,477,800 
49,477,800 

1 
1 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

.1663 
.1649 
.1650 

.1652 
.1649 
.1649 

.1662 
.1649 
.1649 

,1652 
.1649 
.1649 

.1652 
.1649 
.1649 

.1652 
.1649 
.1649 

.1662 
.1649 
.1649 

.1662 
.1649 
.1660 

.1653 
.1649 
.1660 

.1654 
.1660 
.1662 

.1662 
.1662 
.1652 

.1668 
.1665 
.1664 

.1408 
.1406 
.1406 

.1406 
.1403 
.1406 

.1409 
.1407 
.1407 

.1368 
.1360 
.1360 

.1866 
.1362 
.1365 

.1865 
.1368 
.1362 

.1824 
.1324 
.1323 

.1326 
.1324 
.1322 

.1325 
.1320 
.1324 

.1282 
.1273 
.1277 

.1277 
.1281 
.1277 

.1270 
.1274 
.1270 

.1663 
.1649 
.1649 

.1652 
.1649 
.1649 

.1652 
.1649 
.1649 

.1651 
.1649 
.1649 

.1652 
.1649 
.1649 

.1652 
.1649 
.1649 

.1652 
.1649 
.1649 

.1661 
.1648 
.1649 

.1©1 
.1648 
.1648 

.1651 
.1647 
.1647 

.1648 
.1647 
.1645 

.1646 
.1644 
.1648 

.0245 
.0244 
.0244 

.0246 
.0246 
.0248 

.0243 
.0242 
.0242 

.0283 
.0289 
.0289 

^0286 
.0287 
.0284 

.0287 
.0286 
.0287 

.0328 
.0325 
.0326 

.0325 
.0324 
.0327 

.0826 
.0828 
.0824 

.0369 
.0874 
.0370 

.0371 
.0866 
.0368 

.0376 
.0370 
.0378 

0, 
0, 
.0001 

0. 
0. 
0. 

0. 
0. 
0. 

.0001 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

.0001 
.0001 
.0001 

.0002 
.0001 
,0002 

.0008 
.0003 
.0006 

.0004 
.0006 
.0007 

.0008 
.0011 
.0011 

1,000 

49,478,300 

9,000 

49,487.800 

0 

49,487,800 

1,000 

49,488,800 

9,000 

49,497,800 

0 

49.497,800 

1,000 

49,496,800 

9.000 

49.fi07,800 

0 

49,607,300 

1.000 

49.606.800 

9,000 

49,617,800 

128,840 

49.641,140 
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No.  301.     Marks,  7  B  17  Yl— 1. 

Turned  down  from  bar  li"  diameter;  0.32  per  cent  carbon;  1.20 
man^nesc. 
Diameter,  1".     Speed  of  rotation,  750  and  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflection  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 

8trefB 
per 

square 
inch. 


Pounds 
40,000 


45,000 


50,000 


Number  of  rotadons. 


Succeasivc, 


10,000 


90,000 


1,000 


1,000 


9,000 


6,489,000 


1,000 


9,000 


Total. 


10,000 


100,000 


80,118,000 


80,118,000 


80,119,000 


80,119,000 


80,120.000 


80,129,000 


86,618,000 


86,618,000 


86,619,000 


86,628,000 


Micrometer  readings  for 
deflections. 


On 
line. 


Un- 
load- 
ed, 


Inch. 
.2008 
.2006 
.2012 

.2008 
.2006 
.2012 

.2006 
.20a'J 
.2012 

.2008 
.2007 
.2011 


.  left.'S 
.1653 
.1669 

.1664 
.1652 
.1659 

.1655 
.165-1 
.1659 

.1654 
.1653 
.1669 

.1655 
.1653 
.1658 


.16*5 
.1642 

.1638 
.1636 
.1642 

.1638 
.1635 
.1648 

.1688 
.1636 
.1643 


Load- 
ed. 


Inch. 


.1688 
.1694 


.1686 
.1691 

.1680 
.1680 
.1685 

.1688 
.1685 


.1335 
.1331 
.IM'2 

.1326 
.1327 
.1340 

.1298 
.1287 
.1296 

.1292 
.1290 
.1295 

.1289 
.1290 
.1294 

.1275 
.1278 
.1283 

.1239 
.1236 
.1244 

.1234 
.1233 
.1241 

.1237 
.1233 
.1241 


Un- 
load- 
ed. 


Inch. 

.2008 
.2006 
.2012 

.2008 
.2006 
.2011 

.2006 
.2005 
.2012 

.2008 
.2007 
.2011 


.1655 
.1653 
.1659 

.1664 
.  1652 
.1658 

.1655 
.1653 
.1669 

.1654 
.1653 
.1659 

.1654 
.1652 
.1658 


.1636 
.1641 

.1638 
.1635 
.1643 

.1638 
.1635 
.1642 

.1638 
.1635 
.1641 


De- 
flec- 
tions. 


Inch. 
.0318 
.0318 
.0318 

.0320 
.0320 
.0320 

.0326 
.0325 
.0327 

.0320 
.0322 
.0320 


.0320 
.0322 
.0317 

.0328 
.0:525 
.0318 

.0857 
.a366 


.0362 
.0363 
.0364 

.0365 
.0362 
.0364 

.0364 
.0357 
.0858 


.0399 


.0404 
.0402 
.0401 

.0401 
.0402 
.0400 


Bets. 


Inch. 
0. 
0. 
0. 

0. 
0. 


.0001 


.0001 


0. 
0. 
0. 

.0001 
.0001 


0. 
0. 
.0001 

0. 
.0001 
0. 

0. 
0. 
.0001 


.0001 
.0002 


Remarks. 


Bar  warm,  about  150°  F. 


Measurements  repeated 
after  bar  was  cold. 


Bar  rested  without  load 
an  interval  of  4  years 
3  months,  at  the  end 
of  which  rest  the  test 
was  resumed,  the 
speed  of  rotation  now 
being  600  per  minute, 
other  condltiona  of 
the  test  as  before. 
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Maxi- 
mum 
fiber 
streas 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Seta. 

RemarkR. 

Succeasiye. 

Total. 

On 
line. 

Un- 
load- 
ed. 

T/>ad- 
ed. 

Un- 
load- 
ed. 

Pounds 
55,000 

7,988,490 

94,611,490 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1645 
.1640 
.1638 

.1644 
.1641 

Inch. 
.1287 
,1234 
.1287 

,1198 
.1200 

Inch. 
.1644 
.1640 
.1638 

.1944 

.1640 
.1639 

.1643 
.1640 
.1638 

.1645 

.i&to 

.1638 

.1644 
.1640 
.1638 

Inch. 
.0407 
.0406 
.0401 

Inch. 
.0001 
0. 

0. 

Bar  ruptured  ".60  south 
of  south  edge  of  south 
middle  bearing. 

0 

94,611,490 

1 
.0446  1  0. 
.0140  ;    .0001 

.1639     -iiaQ 

.0440 

.0438 
.0439 
.0438 

.0438 
.0435 
.0435 

.0441 
.0439 
.0438 

0. 

0. 
.0001 
.0001 

-.0001 
.0001 
.0001 

0. 
0. 
.0002 

1,000 

94,612,490 

.1643 
.1641 
.1639 

.1644 
.1641 

.1205 
.1201 
.1200 

.1207 

9,000 

94,621,490 

.1639  '  -12(K 



100,000 

94,721,490 

.1644 
.1640 
.1640 

.1203 
.1201 
.1200 

797,520 

96,519,010 

No.  308.     Marks,  11-C3. 

Turned  down  from  bar  li"  diameter;  1.09  per  cent  carbon, 
rolled  bar. 
Diameter,  1".     Speed  of  rotation,  600  per  minute. 
Len^h  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Hot 


Maxi- 
mum 
fiber 
stress 
per 
Hquare 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Setu. 

Remark  8. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds. 
40,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1270 
.1273 
.1272 

.1270 
.1278 
.1278 

.1270 
.1273 
.1270 

.1330 
.1340 
.1335 

.1875 
.1393 
.1396 

Inch. 
.0949 
.0949 
.0945 

.0942 
.0941 
.0939 

.0935 
.0989 
.0986 

.0987 
.0991 
.0989 

.1036 
.1089 
.1041 

Inch. 
.1269 
.1272 
.1272 

.1269 
.1271 
.1271 

.1267 
.1271 
.1268 

.1325 
.1329 
.1325 

.1376 

.1381 
.1882 

Inch. 
.0320 
.0823 
.0827 

.0827 
.0330 
.0382 

.0832 
.0382 
.0832 

.0888 
.0338 
.0836 

.0889 
.0342 
.0341 

Inch. 
.0001 
.0001 
0. 

.0001 
.0002 
.0002 

.0003 
.0002 
.0002 

.ooa") 

.0011 
.0010 

0. 
.0012 
.0016 

1,000 

1,000 

9,000 

10,000 

177,200 

187,200 

869,600 

1,046,800 
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Maxi- 
mum- 
fiber 
stress 
per 
square 
inch. 


Poundit 


46,000 


ITumber  of  rotations. 


Micrometer  readings  for 
deflections. 


Successive. 


9,631,350 
42,315,060 
47,969,090 


Total. 


10,678,150 


52,993,210 


100,962,300 


28,626,650  129,588,950 


767,310  130.356,260 


130,356,260 


1,000  130,857,260 


1,000  ;130,501,000 


I 
10,000   130,511,000 


90i,010 


102,290 


131,415,010 


131,517,300 


On 
line. 


b 
I    c 


I 
10,000  |130,367,260 


132,740   130,500,000 
0   i:)0,500,000 


Un- 
load- 
ed. 


a 
b 
c 

a  ! 

b 

c 


Inrh. 
.1456 
.1458 
.  1462 

.1554 
.1555 
.1555 

.1555 
.1555 
.1567 

.1566 
.1655 
.1556 


.1656 
.1656 
.1659 

.1658 
.lt>fi6 
.1669 

.1656 
.1657 
.1659 


Load- 
ed. 


Inch. 
.1108 
.1110 
.1111 

.1219 
.  1219 
.1220 

.1228 
.1227 
.1228 

.1224 
.1223 
.1224 


.1325 
.  1327 
.1328 

.1326 
.1326 
.1329 

.1328 
.1330 
.1329 


.1664 
.1655 
.1657 

.1666 
.  1659 
.1659 

.1658 
.1660 

.leiyo 

.1659 
.1677 
.1667 


.1287 
.1285 
.1291 

.1281 
.1286 
.1283 

.1277 
.1287 
.1285 

.1253 
.1260 
.1256 


Un- 
load- 
ed. 


Inch. 
.1448 
.1451 
.1451 

.1646 
.1549 
.1649 

.1668 
.1653 
.1564 

.1553 
.1553 
.1564 


De- 
flec- 
tions. 


Sets. 


.1656 
.1655 
.1657 

.1656 
.1655 
.1657 

.1655 
.1665 
.1667 


.1664 
.1654 
.1656 

.1664 
.1655 
.1656 

.1652 
.1655 
.1655 

.1643 
.1645 
.1642 


Inch.  I  Indi. 

.0340  ,  .0007 

.0341  .0007 

.0840  .0011 

.0327  ,  .0006 

.0830  !  .0006 

.0329  i  .0006 


.0S26 
.0326 
.0826 


.0330 


.0331 
.0328 


.0329 
.0828 

.0327 
.0325 
.0828 


.0367 
.0369 
.0866 

.0873 
.0369 
.0873 

.0375 
.0368 
.0370 

.0890 
.0385 


.0002 
.0002 
.0003 

.0008 
.0002 
.0002 


.0001 
.0002 

.0002 
.0001 
.0002 

.0001 
.0002 
.0002 


.0001 
.0001 

.0002 
.0004 
.0003 

.0006 
.0005 
.0006 

.0016 
.0062 
.0025 


Remarks. 


Bar  rested  without  load 
an  interval  of  10 
months,  at  the  end  of 
which  rest  the  test 
was  resumed,  under 
same  condltiona  as 
before. 


Bar  ruptured  'MOsouth 
of  the  south  edge  of 
the  north  middle 
bearing. 


NO,  309. 
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No.  309.     Marks,  7-Bl. 

Turned  down  from  bar  li"  diameter;  0.73  per  cent  carbon, 
rolled  bar. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33''. 
Loaded  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Hot 


Maxi- 
mum 
fiber 


per 
square 
inch. 


Number  of  «,UUo™.     ''"^f^H^S^^  "" 


SttccemiTe. 


Total. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


De- 
flec- 
tion.s. 


SetH. 


Remarkn. 


Pound» 
40,000 


45,000 


1,000 


1,000 


9,000 


10,000 


84,700 


94,700 


924,000 


1,018,700 


9,406,610 


10,427,210 


41,274,760 


61,701,970 


61,666,390 


108,267,900 


46,667,860 


11,870 


149,836,160 


149,846,680 


168,470 
0 


160,000,000 
160,000,000 


1,000 


160,001,000 


10,000 


150,011,000 


9,489,000 


169,600,000 


Inch. 
.1320 
.1819 
.1818 


Inch. 
.0994 
.0991 
.0991 


.1320 

.1818     .0991 

.1817  I  .0992 

.1319  .0995 
.1318  .0991 
.1318     .0992 

.1329  I  .1001 
.1328  i  .1008 
.1829     .1000 


.1376 
.1376 
.1374 


.1049 
.1049 
.1048 


.1446  .1118 
.1444  .1116 
.  1448     .  1116 

.1542  .1217 
.1511  .  .1214 
.  1640     .  1213 

I 
.1649  '  .1216 
.1646     .1215 
.1646     .1212 


.1644 
.1643 
.1642 


Inch. 
.1320 
.  1818 
.1318 

.1320 
.1318 
.1317 

.1319 
.1317 
.1318 

.1328 
.1327 
.1327 

.1376 
.1374 
.1374 

.1444 
.1443 
.1443 

.1642 
.1540 
.1540 

.1548 
.15U> 
.1545 


Indi. 


.0827 
.0827 


.0325 
.0827 


.0824 
.0823 


.0827 
.0824 
.0827 

.0827 
.0826 
.0826 


.0827 
.0327 

.0826 
.0826 
.0327 

.0882 
.0881 
.0833 


.1322 
.1821 
.1320 


.1644 
.1642 
.1642 


.0321 
.0822 


1647 
16M 
1644 

.1280 
.1282 
.1283 

.1645 
.1643 
.1643 

1646 
1644 
1644 

.1288 
.1283 
.1280 

.1646 
.1643 
.1643 

1646 
1646 
1644 

.1286 
.1283 
.1282 

.1645 
.1643 
.1642 

1629 
1629 
1628 

.1264 
.1289 
.1250 

.1629 
.1626 
.1626 

.0865 
.0361 
.0360 

.0367 


.0866 
.0367 
.0366 


Inch. 
0. 

.0001 
0. 

0. 
0. 
0. 


.0001 


.0001 
.0001 
.0002 


.0001 


.0001 
.0001 


.0001 


.0001 
D. 
.0001 


Bar  rested  without 
I  load  an  interval  of  10 
months,  at  the  end  of 
which  rest  the  test 
was  resumed,  under 
same  conditions  as 
before. 


.0001 


.0002 
.0001 
.0001 

.0001 
.0001 
.0001 

.0001 
.0002 
.0002 


.0003 
.0003 
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Maxi- 
mum 

fiber 
BtresH 

per 
square 
inch. 

Number  of  rotations. 

Micrometer  readiuRs  for 
deflectioDB. 

De- 
flec- 

tiOUB. 

SetA. 

Remarlu. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

T.oad- 
ed. 

Un- 
load- 
ed. 

Pounds 
50,000 

0 

159,500,000 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1683 
.1630 
.1629 

.1630 
.1630 
.1629 

.1635 
.1630 
.1630 

Inch. 
.1225 
.1220 
.1221 

.1222 
.1217 
.1218 

.1224 
.1219 
.1218 

Inch. 
.1630 
.1627 
.1626 

.1680 
.1627 
.1626 

.1630 
.1627 
.1625 

Inch. 
.0405 
.0407 
.0406 

.0406 
.0410 
.0408 

.0406 
.(M08 
.0407 

Indi. 
.0003 
.0003 
.0003 

0. 
.0003 
.0003 

.0006 
.0003 
.0005 

Bar  ruptured   midwav 
the  north  and  south 
middle  bearingn. 

1,000 

159,501,000 

9,000 

159,510,000 

344,050 

159,8m,  060 

No.  310.     Marks,  9-C  2. 

Turned  down  from  bar  li"  diameter;  0.82  per  cent  carbon, 
rolled  bar. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Lenffth  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Hot 


Maxi- 
mum 
fiber 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Btre&s 

per 

square 

inch. 

SucocHHive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
«i. 

Un- 
load- 
ed. 

PoumU 
40,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 

b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1346 
.1346 
.1343 

.1345 
.1346 
.1345 

.1346 
.1345 
.1344 

.1359 
.1356 
.1352 

.1412 
.1416 
.1413 

.1477 
.1476 
.1476 

.1575 
.1575 
.1572 

Inch. 
.1018 
.1016 
.1016 

.1020 
.1016 
.1014 

.1009 
.1016 
.1010 

.1020 
.1024 
.1018 

.1077 
.1076 
.1076 

.1143 
.1146 
.1145 

.1242 
.1244 
.1242 

Inch. 
.1345 
.1345 
.1343 

.1346 
.1346 
.1344 

.1344 
.1344 
.1841 

.1366 
.1353 
.1350 

.1412 
.1418 
.1410 

.1474 
.1474 
.1472 

.1573 
.1674 
.1570 

Inch. 
.0827 
.0329 
.0828 

.0325 
.0329 
.0330 

.0335 
.0828 
.0331 

.0335 
.0329 
.0332 

.0R86 
.0837 
.0885 

.0831 
.0329 
.0327 

.0331 
.0880 
.0328 

Inch. 
.0001 
.0001 
0. 

0. 
.0001 
.0001 

.0001 
.0001 
.0003 

.0004 
.000*2 
.0002 

0. 
.0008 
.0003 

.0003 
.0002 
.0003 

.0002 
.0001 
.0002 

1,000 

1,000 

9,000 

10,000 

189.500 

199,600 

908,000 

1,107,500 

10,640,600 

11,748,100 

39,037,820 

50,785,920 
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Maxi- 
mum 
fiber 
Btreas 
per 
square 
Inch. 

Micrometer  readings  ior 
deflectlonB. 

De- 
flec- 
tiona. 

8et8. 

Remarks. 

Succeasiye. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounda 
45,000 

51,314,240 

102,100,160 

a 
b 
c 

a 
b 
c 

Inch. 
.1579 
.1577 
.1575 

.1680 
.1560 
.1576 

Inch. 
.1249 
.1248 
.1244 

.1250 
.1246 
.1246 

Inch. 
.1578 
.1577 
.1574 

.1580 
.1579 
.1570 

Inch, 
.0329 
.0329 
.0380 

.0330 
.0888 
.0330 

Inch. 

.0001 
0. 

.0001 

0. 
.0001 
0. 

Bar  rested  without  load 
an  Interval   of    10 
months,  at  the  end  of 
which  rest  the  test  was 
resumed,  under  same 
conditions  as  befpre. 

Bar  ruptured  1. "10  south 
of  the  south  edge  of 
north  middle  bearing. 

49,169,090 

151,269,250 

754,110 
2,090 

152,023,860 
162,025,450 

a 
b 
c 

a 
b 
c 

a 
b 
c 

.1079 
.1678 
.1674 

.1677 
.1677 
.1675 

.1678 
.1677 
.1675 

.1361 
.1360 
.1357 

.1357 
.1357 
.1355 

.1358 
.1358 
.1356 

.1678 
.1677 
.1674 

.1676 
.1676 
.1674 

.1677 
.1676 
.1674 

.0817 
.0317 
.0317 

.0819 
.0819 
.0819 

.0319 
.0318 
.0318 

.0001 
.0001 
0. 

.0001 
.0001 
.0001 

.0001 
.0001 
.0001 

1,000 

152,026,450 

10,000 

152,086,450 

464,270 
0 

152,500,720 
152,600,720 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

.1678 
.1678 
.1676 

.1679 
.1678 
.1675 

.1679 
.1678 
.1677 

.1684 
.1681 
.1679 

.1683 
.1683 
.1679 

.1324 
.1324 
.1320 

.1322 
.1322 
.1320 

.1322 
.1322 
.1319 

.1304 
.1304 
.1802 

.1309 
.1309 
.1305 

.1678 
.1677 
.1675 

.1678 
.1677 
.1675 

.1678 
.1677 
.1675 

.1673 
.1672 
.1669 

.1673 
.1673 
.1670 

.0354 
.0353 
.0355 

.0656 
.0365 
.0355 

.0356 
.0855 
.0856 

.0869 
.0368 
.0367 

.0364 
.0364 
.0365 

0. 
.0001 
.0001 

.0001 
.0001 
0. 

.0001 
.0001 
.0002 

.0011 
.0009 
.0010 

.0010 
.0010 
.0009 

1,000 

152,001,720 

10,010 

152,511,730 

928,280 

158,440,010 

47,580 

153,487,540 

784,440 

154,271,980 
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No.  821.     Marks,  7  X  2,  1. 

Turned  down  from  bar  li"  diameter.     0.25  per  cent  carbon.     An- 
nealed at  low  heat. 
Diameter,  1".     Speed  of  rotation,  600  per  minute 
Length  between  end  supports^  33". 
Loaaed  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 


Number  of  rotations. 


Suceeasive. 


ToUI. 


Micrometer  readings  for 
deflections. 


On 
line. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


De- 
flec- 
tions. 


Sets. 


Remark-s. 


Pounds 
40,000 


1,000 


1,000 


9,000 

3,168,160 

18,096,740 

22,901,830 


10,000 


8,178,160 


764,100 


160 


45,000 


69,020 
0 


1,000 


899.790 
21,850 


21,274,900 


44,176,730 


44,930,830 


44,930,980 


46,900.790 
45,922,640 


45,000,000 

46,000,000  ;  a 
, b 


45,001,000  ,  a 


Inch. 
.1658 
.1547 
.1668 

.1667 
.1547 
.1568 

.1568 
.1544 
.1568 

.1559 
.1546 
.1570 

.1669 
.1547 


.1560 
.1516 
.1671 


Inch. 
.1229 
.1218 
.1234 

.1222 
.1210 
.1229 

.1224 
.1208 
.1235 

.1229 
.1216 
.1239 

.1230 
.1218 
.1238 

.1227 
.  1214 
.1235 


Inch. 
.1557 
.1546 
.1666 

.1666 
.1545 
.1666 

.1567 
.1543 
.1568 

.1567 
.1545 
.1668 

.1669 
.1546 
.1569 

.1560 
.1546 
.1570 


Inch. 
.0328 


.0384 
.0335 
.0337 

.0833 


.0329 

.0329 
.0328 
.0331 


.0332 


Inch. 
.0001 
.0001 
.0002 

.0001 
.0002 
.0002 

.0001 
.0001 


.0002 
.0001 
.0002 


.0001 


.0001 


.1664 
.1648 
.1674 


.1334 
.1316 
.1348 


.1664 
.1647 
.1674 


.0830 
.0931 


Bar  rested  without  load 
an  Interval  of  10 
months,  at  the  end 
of  which  rest  the  test 
was  resumed,  under 
same  conditions  as 
before. 


.0001 


.1665 
.1649 
.1674 

.1665 
.1649 
.1675 

.1661 
.1649 
.1676 


.1294 
.1277 
.1305 

.1291 
.1283 
.1304 

.1286 
.1269 
.1299 


.1664 
.1647 
.1674 

.1664 
.1648 
.1674 

.1661 
.1648 
.1673 


.0370 
.0370 


.0370 
.0865 
.0370 

.0376 
.0879 
.0874 


.0001 
.0002 


.0001 
.0001 
.0001 

0. 
.0001 
.0003 


Bar  ruptured  ".08  south 
of  the  north  edge  of 
north  middle  oear- 
ing. 


NO.  310. 


NO.  321. 
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No.  322.     Marks,  N  3-E. 

0.17  j)er  cent  carbon;  8.25  per  cent  nickel.     Metal  in  natural  state 
of  the  ingot. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Mazi- 

mam 
fiber 
Btren 
per 
sqoare 
inch. 

Number  of  rotations. 

Micrometer  readings 
for  deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

SocceflBlTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
10,000 

15,000 

20,000 

25,000 

90,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 

0 

Inch. 
.1668 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1660 
.1662 
.1662 

.1660 
.1662 
.1662 

.1668 
.1664 
.1664 

.1660 
.1665 
.1664 

.16W 
.1662 
.1668 

Inch. 
.1579 
.1577 
.1578 

.1578 
.1577 
.1578 

.1578 
.1577 
.1578 

.1537 
.1537 
.1536 

.1587 
.1585 
.1536 

.1585 
.1535 
.1535 

.1498 
.1495 
.1495 

.1495 
.1495 
.1495 

.1495 
.1494 
.1495 

.1455 
.1450 
.1450 

.1460 
.1450 
.1460 

.1447 
.1449 
.1460 

.1406 
.1410 
.1406 

.1410 
.1407 
.1407 

.1409 
.1405 
.1409 

Inch. 
.1668 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
M661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1662 
.1661 
.1661 

.1659 
.1661 
.1661 

.1660 
.1661 
.1661 

.1660 
.1660 
.1660 

.1657 
.1660 
.1660 

.1669 
.1658 
.1660 

Inch. 
.0064 
.0084 
.0068 

.0084 
.0084 
.0068 

.0064 
.0084 
.0063 

.0126 
.0124 
.0126 

.0125 
.0126 
.0126 

.0127 
.0126 
.0126 

.0104 
.0166 
.0166 

.0167 
.0166 
.0166 

.0167 
.0167 
.0166 

.0207 
.0211 
.0211 

.0209 
.0211 
.0211 

.0218 
.0212 
.p211 

.0254 
.0260 
.0254 

.0247 
.0258 
.0258 

.0260 
.0268 
.0261 

Inch. 
0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

.0001 
.0001 
.0001 

0. 
.0001 
.0001 

.0003 

0004 
.0004 

.0008 

.0005 
.0004 

.0006 
.0004 
.0008 

• 

Bar  ruptured  1".26  north 
of  the  north  edge  ot 
south  middle  bearing. 

1,000 

1,000 

9,000 

10,000 

0 

10,000 

1,000 

11,000 

10,000 

21,000 

0 

21,000 

1,000 

22,000 

10,000 

32,000 

0 

82,000 

1,000 

33,000 

10,000 

43,000 

0 

43,000 

1,000 

44,000 

10,000 

54,000 

74,840 

128,840 
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No.  323.     Marks,  C  3-E. 

0.20  per  cent  carbon.     Metal  in  natural  state  of  the  ingot 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Len^h  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10". 


Maxi- 
mum 

fiber 
Btreaa 

per 
square 
inch. 

Number  of  rotation. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
20,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1664 
.1673 
.1714 

.1665 
.1666 
.1710 

.1666 
.1668 
.1605 

.1674 
.1671 
.1679 

Inch. 
.1467 
.1480 
.1490 

.1474 
.1478 
.1494 

.1484 
.1488 
.1500 

.1496 
.1503 
.1508 

Inch. 
.1628 
.1640 
.1652 

.1635 
.1640 
.1656 

.1648 
.1660 
.1661 

.1658 
.1666 
.1668 

Inch. 
.0161 
.0160 
.0162 

.0161 
.0162 
.0162 

.0164 
.0162 
.0161 

.0162 
.0162 
.0160 

Inch. 
.0086 
.0088 
.0062 

.0020 
.0026 
.0054 

.0018 
.0018 
.0034 

.0016 
.0006 
.0011 

Hole^.Ogby.LSdeepin 
shaft  1''.24  south  ofthe 
south  edge  of  south 
middle  bearing. 

Bar  ruptured  ^^.35  south 
of  the  south  edge  of 
north  middle  bearing. 

1,000 

1,000 

10,000 

11,000 

99,000 

110,000 

690,250 

800,250 

No.  324.     Marks,  7  X  1,  3. 

Turned  down  from  bar  li- '  diameter.    0. 26per cent  carbon.  Annealed 
at  high  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Lenffth  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Mazi- 
mum 

fiber 
stress 

per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Succeasiye. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
45,000 

0 

0 

a 
b 
c 

a 
b 
c 

a 
b 
c 

Inch. 
.1662 
.1681 
.1676 

.1822 
.1674 
.1682 

.1647 
.1689 
.1642 

Inch. 
.1248 
.1310 
.1296 

.1239 
.1295 
.1294 

.1242 
.1285 
.1270 

Inch. 
.1610 
.1674 
.1664 

.1607 
.1663 
.1660 

.1618 
.1658 
.1689 

Inch. 
.0362 
.0364 
.0866 

.0368 
.0368 
.0366 

.0871 
.0373 
.0369 

Inch. 
.0042 
.0007 
.0011 

.0015 
.0011 
.0022 

.0034 
.0031 
.0008 

Bar  ruptured  ".65  south 
ol  the  south  edge  of 
north  middle  bearing. 

1,000 

1,000 

10,000 

11,000 

91,010 

102,010 

NO.  324. 


NO.  325. 
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No.  325.     MarKS,  N  3-D. 

0.17  rer  cent  carbon,  3.25  per  cent  nickel.     Oil   tempered  and 
annealea. 
Diameter,  1."    Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  oyer  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 


Number  of  rotaUons. 


Succeasiye. 


Total. 


Micrometer  readings 
for  deflectionB. 


On 

Une. 


Un- 
load- 
ed. 


Load- 
ed. 


Un- 
load- 
ed. 


De- 
flec- 
tions. 


Seto. 


Remarks. 


Poundt 
10,000 


16.000 


20,000 


25,000 


80,000 


1,000 


9,000 


1.000 


10,000 


1,000 


10,000 


1,000 


10,000 


1,000 
10,000 


96,000 


66,580 


1,000 


10,000 


10,000 


11,000 


21,000 


21,000 


22,000 


S2,000 


82,000 


38,000 


43,000 


48,000 


44,000 
54,000 


150,000 


216,580 


Inch., 
.1659' 
.1664 
.1657 

.1644 
.1648 
.1642 

.1644 
.1648 
.1641 

.1644 
.1648 
.1641 

.1643 
.1648 
.1641 

.1642 
.1647 
.1642 

.1645 
.1648 
.1642 

.1644 
.1647 
.1612 

.1642 
.1647 
.1642 

.1641 
.1647 
.1642 

.1648 
.1619 
.1642 

.1644 
.1647 
.1642 

.1642 
.1646 
.1643 

.1644 
.1648 
.1642 

.1648 
.1646 
.1689 

.1645 
.1648 
.1643 


Inch. 
.1575 
.1579 
.1572 

.1560 
.1562 
.1657 

.1660 
.1568 
.1657 

.1518 
.1522 
.1614 

.1516 
.1620 
.1516 

.1516 
.1518 
.1515 

.1476 
.1480 
.1473 

.1476 
.1480 
.1472 

.1474 
.1478 
.1472 

.1438 
.1435 
.1430 

.1435 
.1488 
.1481 

.1433 
.1434 
.1430 

.1898 
.1893 


.1398 


.1890 
.1898 
.1887 


.1880 
.1391 


Inch. 
.1668 
.1664 
.1667 

.1648 
.1647 
.1641 

.1644 
.1647 
.1641 

.1643 
.1647 
.1640 

.1648 
.1647 
.1640 

.1642 
.1646 
.1641 

.1648 
.1646 
.1640 

.1642 
.1646 
.1640 

.1642 
.1647 
.16-10 

.1641 
.1645 
.1640 

.1642 
.1647 
.1640 

.1642 
.1645 
.1640 

.1642 
.1645 
.1640 

.1642 
.1645 
.1640 

.1642 
.1644 


.1642 
.1646 
.1640 


Inch. 
.0088 
.0085 
.0066 

.0068 
.0086 
.0084 

.0086 
.0084 
.0084 

.0125 
.0125 
.0126 

.0127 
.0127 
.0125 

.0126 
.0128 
.0126 

.0168 
.0166 
.0167 

.0166 
.0166 
.0168 

.0168 
.0169 
.0168 


.0210 
.0210 

.0207 
.0209 
.0209 

.0209 
.02U 
.0210 

.0249 


.0249 
.0252 


.0252 
.0251 
.0262 


.0255 


Inch. 

.0001 
0. 
0. 

.0001 
.0001 
.0001 


.0001 


.0001 
.0001 
.0001 


.0001 
.0001 


.0001 
.0001 

.0002 
.0002 
.0002 

.0002 
.0001 
.0002 

0. 
0. 
.0002 

0. 
.0002 
.0002 

.0001 
.0002 
.0002 

.0002 
.0002 
.0002 


.0001 
.0008 

.0002 
.0008 
.0002 

.0001 
.0002 


.0003 
.0002 
.0008 


Bar  mptnied  1''.20  south 
of  the  south  edge  of 
north  middle  bearing. 
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No.  327.     Marks,  C  3-D. 

0.20  per  cent  carbon.     Oil  tempered  and  annealed. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Length  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 

Deflections  measured  on  a  chord  of  10' , 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 


Pounds 
20,000 


26,000 


80,000 


Number  of  rotations. 


Successive. 


Total. 


Micrometer  readings  for 
deflections. 


1,000  j  1.000 


109,000  110,000 


8,890,000 


1,000 


9,000 
990,000 


1,000 


9,000 


19,940 


9,000,000 


9,000,000 


9,001,000 


9,010,000 


10,000,000 


10,000,000 


10,001,000 


10,010,000 


10,029.940 


On 
line. 


Un- 
load- 
ed. 


Inch. 
.1648 
.1643 
.1645 

.1648 
.1644 
.1644 

.1647 
.1644 
.1644 

.1647 
.1650 
.1646 

.1647 
.1660 
.1646 

.1646 
.1652 
.1647 

.1645 
.1660 
.1646 

.1645 
.1652 
.1649 

.1647 
.1652 
.1648 

.1643 
.1668 
.1650 

.1648 
.1652 
.1652 


Load- 
ed. 


Inch. 
.1486 
.1483 
.1481 

.1484 
.1480 
.1483 

.1487 
.1482 
.1488 

.1488 
.1488 
.1483 

.1445 
.1448 
.1445 

.1447 
.1450 
.1444 

.1442 
.1447 
.1448 

.1489 
.1487 
.1442 

.1899 
.1403 
.1402 

.1396 
.1402 
.1401 

.1394 
.1397 
.1400 


Un- 
load- 
ed. 


Inch. 
.1648 
.1643 
.1644 

.1648 
.1642 
.1643 

.1647 
.1614 
.1644 

.1645 
.1660 
.1646 

.1645 
.1650 
.1646 

.1645 
.1650 
.1645 

.1644 
.1660 
.1645 

.1644 
.1640 
.1646 

.1644 
.1648 
.1645 

.1642 
.1648 
.1645 

.1641 
.1644 
.1646 


De- 
flec- 
tions. 


Inch. 
.0162 
.0160 
.0168 

.0164 
.0162 
.0160 

.0160 
.0162 
.0161 

.0162 
.0162 
.0168 

.0200 
.0202 
.0200 

.0198 
.0200 
.0201 


.0208 
.0202 

.0206 
.0208 
.0204 

.0245 
.0245 
.0243 

.0246 
.0246 
.0244 

.0247 
.0247 
.0246 


Bets. 


Inch. 
0. 

a 

.0001 


.0002 
.0001 


.0002 
0. 
0. 

.0002 
0. 
.0001 

.0001 
.0002 
.0002 

.0001 
0. 
.0001 

.oooi 

.0012 
.0003 

.0008 
.0004 
.0008 

.0001 
.0005 
.0005 

.0007 
.0006 
.0006 


Remarks. 


Bar  ruptured  "JBb  south 
of  the  south  edge  of 
north  middle  bearing, 
beginning  at  a  small 
cavity  at  the  circum- 
ference. 


NO.   327. 


^'<^'    TLrTD    f"'l''^    OF    fi.;UPA^,rz    ",^AF[s 
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No.  328.     Marks,  7X2,  5. 

Turned  down  from  bar  IJ"  diameter.     0.26  per  cent  carbon.     Oil 
tempered  and  annealed  at  low  heat. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 

mnm 

fiber 

Btrefls 

per 

sqiukic 

inch 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
fleo- 
tiona. 

Bets. 

Remarks. 

SnccessiTe. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
45.000 

0 

0 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1618 
.1647 

.1610 
.1652 

.1609 
.1652 

.1604 
.1657 

.1620 
.1647 

Inch. 
.1252 
.1280 

.1288 
.1280 

.1238 
.1273 

.1229 
.1279 

.1244 
.1272 

Inch, 
.1614 
.1645 

.1607 
.1649 

.1607 
.1648 

.1603 
.1658 

.1616 
.1643 

Inch, 
.0862 
.0365 

.0369 
.0369 

.0874 
.0875 

.0374 
.0874 

.0871 
.0871 

Inch. 
.0004 
.0002 

.0003 
.0006 

.0002 
.0004 

.0001 
.0004 

.0005 
.0004 

Shaft  ran  out  of  line  at 

straightened  by  bend- 
ing outside  of  middle 
bearings. 

Shaft  ruptured  at  north 
edge  of  south  middle 
bearing. 

1,000 

1,000 

9,000 

10,000 

658,860 

668,860 

0 

668,860 

8,728,120 

4,896,480 

No.  329.     Marks,  7x1,5. 

Turned  down  from  bar  IJ"  diameter.     0.26  per  cent  carbon.     Oil 
tempered  and  annealed  at  low  heat. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 

Length  between  end  supports,  33". 

Loaded  over  4"  length  at  middle. 
■    Deflections  measured  on  chord  of  10". 


Maxi- 

ffber 

stress 

per 

square 

inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Seta. 

Remarks. 

Successive. 

Total. 

•On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pminds 
45,000 

0 

0 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1647 
.1688 

.1647 
.1636 

.1655 
.1688 

.1658 
.1685 

Inch. 
.1278 
.1262 

.1277 
.1264 

.1274 
.1247 

.1271 
.1250 

Inch. 
.1643 
.1627 

.1640 
.1628 

.1648 
.1618 

.1640 
.1620 

Inch. 
.0365 
.0365 

.0868 
.0864 

.0369 
.0871 

.0869 
.0870 

Inch. 
.0004 
.0006 

.0007 
.0008 

.0012 
.0015 

.0013 
.0015 

Bar  ruptured  l^.io  south 
of  the  south  edge  of 
north  middle  beari^. 

1,000 

1,000 

9,000 

10,000 

90,000 

100,000 

94,470 

194,470 
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No.  330.     Marks,  7x1,  2. 

Turned   down  from    bar    li"  diameter.     0.26  per    cent  carbon. 
Annealed  at  low  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measur^  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
fleo- 
ttons. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
45,000 

0 

0 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1638 
.1688 

.1687 
.1634 

.1639 
.1685 

.1640 
.1628 

Inch. 
.1268 
.1263 

.1267 
.1268 

.1266 
.1262 

.1262 
.1257 

Inch. 
.1687 
.1682 

.1637 
.1683 

.1636 
.1681 

.1684 
.1628 

Inch. 
.0369 
.0369 

.0370 
.0870 

.0370 
.0369 

.0372 
.0371 

Inch. 
.0001 
.0001 

0. 
.0001 

.0006 
.0004 

.0006 

0. 

Bar  ruptured  1".85  south 
of  the  south  edge  of 
north  middle  bearing. 

1,000 

1,000 

9,000 

10,000 

90,000 

100,000 

1,772,  MO 

1.872,340 

No.  33L     Marks,  7X1,  4. 

Turned  down  from    bar  li"  diameter.     0.26    per  cent  carbon. 
Annealed  at  high  heat. 

Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Lenffth  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measurai  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Sets. 

Remarks. 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
46,000 

0 

0 

a 

b 

a 
b 

a 
b 

a 
b 

Inch. 
.1689 
.1688 

.1643 
.1644 

.1685 
.1660 

.1649 
.1658 

Inch. 
.1267 
.1269 

.1268 
.1262 

.1256 
.1268 

.1243 
.1249 

Inch. 
.1636 
.1686 

.1629 
.1630 

.1623 
.1624 

.1626 
.1625 

Inch. 
.0369 
.0366 

.0366 
.0368 

.0868 
.0371 

.0382 
.0376 

Inch. 
.0008 
.0008 

.0014 
.0014 

.0012 
.0026 

.0024 
.0033 

Bar  mptored  1^.30  south 
of  the  south  edge  of 
north  middle  bearing. 

1,000 

1,000 

9,000 

10.000 

90,000 

100,000 

235,100 

885,100 

NO.  329. 


NO.  330. 


FRACTURED   ENDS  OF  ENDURANCE   SHAFTS. 


HEL'O-^VPf    CO.,    BOSTON. 


NO.  331. 


NO.  332. 


FRACTURED  ENDS  OF  ENDURANCE  SHAFTS. 


H6LiO"^YPE    CO.,    BOSTON. 
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No.  382.     Marks,  7X1,  6. 

Turned  down  from  bar  li"  diameter;  0.26  per  cent  carbon.     Oil- 
tempered  and  annealed  at  low  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Len^tJi  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

Inch. 
.0868 
.0868 

.0368 
.0368 

.0370 
.0869 

.0371 
.0371 

Set. 

Inch. 
.0001 
.0006 

.0005 
.0006 

.0001 
.0010 

.0012 
.0012 

Remarks. 

Successive. 

Total. 
0 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Inrh. 
.1262 
.1268 

.1262 
.1262 

.1257 
.1260 

.1267 
.1266 

Un- 
load- 
ed. 

Pounds 
45,000 

0 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1681 
.1637 

.1635 
.1636 

.1628 
.1639 

.1640 
.1639 

Inch. 
.1690 
.1631 

.1630 
.1630 

.1627 
.1629 

.1628 
.1627 

Bar  niptured  li'.05  south 
of  the  south  edge  of 
north  middle  bearing. 

1,000 

1,000 

9,000 

10,000 

90,000 

100,000 

1,175,850 

1,276,860 

No.  333.     Marks,  7  X  1,  8. 

Turned  down  from  bar  li"  diameter.     0.26  per  cent  carbon.     Oil 
tempered  and  annealed  at  high  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measure  on  chord  of  10". 


Mazi- 

Tniim 

fiber 

stress 

per 

square 

inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 
flec- 
tions. 

SetH. 

Remarks. 

Suoceasive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
45,000 

0 

0 

a 

b 

a 
b 

a 
b 

a 
b 

Inch. 
.1635 
.1646 

.1682 
.1660 

.1690 
.1654 

.1630 
.1654 

Inch. 
.1266 
.1276 

.1262 
.1280 

.1269 
.1288 

.1266 
.1279 

Inch. 
.1634 
.1645 

.1630 
.1648 

.1628 
.1652 

.1628 
.1651 

Inch. 
.0368 
.0369 

.0868 
.0868 

.0669 
.0369 

.0872 
.0372 

Inch. 
.0001 
.0001 

.0002 
.0002 

.0002 
.0002 

.0002 
.0003 

Bar    ruptured  1*.60 
north    of    the    north 
edge  of  south  middle 
bearing. 

1,000 

1,000 

9,000 

10,000 

90,000 

100,000 

4,778,310 

4,878,310 

H.  Doc.  336 18 
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No.  336.     Marks,  7  X  2,  3. 

Turned  down  from  bar  li"  diameter.   0. 25  per  cent  carbon.   Annealed 
at  high  heat. 
Diameter,  1".     Speed  of  rotation,  500  per  minute. 
Lenffth  between  end  supports,  33". 
Loaded  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 
fiber 
stress 
per 
square 
inch. 

Number  of  rotaUons. 

Micrometer  reading  for 
deflectioiiB. 

Dc- 
floc- 
Uons. 

Seta. 

Inch. 
.0023 
.0024 

.0007 
.0024 

0. 
.0024 

.0018 
.0019 

Remarks. 

Successive.       Total. 

On 
line. 

Un- 
load- 
ed. 

Tioad- 
ed. 

Un- 
load- 
ed. 

Pounds. 
46,000 

0 

0 

a 
b 

a 
b 

a 
b 

a 
b 

Inch, 
.1667 
.1653 

.1648 
.1652 

.1637 
.1662 

.1658 
.1647 

Inch. 
.1260 
.1257 

.1260 
.1264 

.1268 
.1268 

.1268 
.1262 

Inch. 
.1684 
.1029 

.1636 
.1628 

Inch. 
.0374 
.0872 

.0876 

.(»74 

Bar  ruptured  ".lO  south 
of  the  north  edge  of 
north  middle  bearing, 
under  the  north  mid- 
dle bearing. 

1,000 

1,000 

9.000 

10,000 

.1687  1  .0874 
.1628  !  -OSflR 

90,000 

100,000 

.1640 
.1628 

.0372 
.0376 

585,600 

685,600 

1 
1 

NO.  336. 


FRACTURED   ENDS  OF  ENDURANCE   SHAFTS. 


HFrOTvpp    CO..    BHSTON. 
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Chemical  Analyses,  Endurance  Shafts. 

CHEMICAL  ANALYSES  OF  MATERIAL  IN  ENDURANCE  SHAFTS. 
WATERTOWN  ARSENAL  DETERMINATIONS. 


No.  of 
shaft 

Carbon. 

Maiiganeee. 

SUlcon. 

Sulphur. 

Phosphorus. 

Copper. 

Nickel. 

280 
282 
284 
286 
288 
290 
292 
293 
294 
321 
324 

.281 
.600 
.471 
.415 
.241 
.290 
.252 
.250 
.700 
.255 
.275 

.522 
.980 
.661 
.552 
.660 
.763 
.652 
.642 
.460 
.645 
.550 

.122 
.800 
.128 
.182 
.106 
.138 
.079 
.083 
.230 
.082 
.140 

.048 
.060 
.080 
.060 
.065 
.065 
.029 
.032 
.040 
.027 
.060 

.024 
.041 
.024 
.028 
.040 
.021 
.022 
.021 
.026 
.022 
.029 

.038 
.200 

3.264 
27.601 

.072 
.067 
.056 

5.763 
4.660 
4.60 

.055 
.036 

4.601 
3.810 

TENSILE  SPECIMENS  FROM  ENDS  OF  RUPTURED 
ENDURANCE  SHAFTS. 
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Tensile  Specimens  fbom  Ruptuked  Endurance  Shafts. 

Specimens  taken  from  the  ends  of  the  ruptured  bars. 

The  marks  give  the  test  number  of  the  endurance  shaft,  also  the 
figures  and  letters  which  were  employed  to  identify  the  grade  and 
treatment  of  the  metal. 


7=: — V — =: 


No.  T492. 

Bethlehem  Steel,  Nickel.     Annealed. 

Marks,  280,  7x1  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  678. 


Applied 

looosper 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

5,000 

10,000 

20,000 

ao,ooo 

85,000 
40,000 
60,000 
55,000 
50,000 

51,000 
52,000 
53,000 
54,000 
65,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76.000 
78,000 
79,840 
0 

Inch. 

0. 

.0008 
.0010 
.0020 
.OOSO 
.0085 
.0040 
.0060 
.0055 
.0410 

.0485' 

.0460 

.0490 

.0540 

.0593 

.0653 

.0710 

.0650 

.0950 

.1090 

.1280 

.1430 

.1600 

.20 

.23 

.27 

.83 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 

On  reappliration  of  load,  rapid  elongation  took  place  at 
about  55,000  pounds  load. 

Tensile  strength. 
=  80  per  cent. 

0. 
0. 
.0001 

.0624 

.90 

Elongation  of  inch  sections,  ".18,  ".62,*  ".20. 
Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  59.3  per  cent. 
Fractured  at  middle  of  stem. 
Appearance,  fine  silky. 
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No.  7493. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Marks,  281,  7X1  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Grauged  length,  3". 

For  endurance  test  see  Beport  of  1895,  page  579. 


AppUed 

lOMBper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
60,000 
65,000 
60,000 
64,000 
65,000 
60,000 
61.000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86.000 
88,000 
89,680 
0 

Inch. 

0. 
.0008 
.0010 
.0020 
.0081 
.0096 
.0041 
.0051 
.0056 
.0068 
.0068 
.0076 
.0185 
.0400 
.0480 
.0560 
.0680 
.0700 
.0635 
.10 
.11 
.12 
.14 
.16 
.18 
.21 
.25 
.82 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit 

Tensile  strength. 
«  26.8  per  cent. 

0. 

0. 
0. 
0. 
0. 

.0011 

.0740 

.76 

Elongation  of  inch  sections,  ".14,  ".19,  ".43*. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.5  per  cent. 
Fractured  l".l  from  the  neck.     Appearance,  fine  silky. 
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No.  7494. 

Beddehem  Steel,  Nickel.    Annealed. 

Marks,  S82,  7X4  S. 

Diameter,  ^'.564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3''. 

For  endurance  test  see  Report  of  1895,  page  584. 


eqiutre 
inch. 

In  gaac;ed  length. 

RemarkH. 

Slongm- 

Bet 

1.000 
6,000 
10.000 
.     20,000 
80,000 
86,000 
40,000 
46,000 
60,000 
54,000 
56,000 
66,000 
67,000 
66,000 
59,000 

64,000 

66  000 
66,000 
68,000 
70,000 
74,000 
78,000 
82,000 
86,000 
90.000 
94,000 
111,200 
0 

■iWCwCT. 
0. 
.0004 

.0012 

.0024 

.0069 

.0044 

.0061 

.0068 

.0067 

.0072 

.0079 

.0069 

.0098 

.0101 

.0110 

.0129 

.0189 

.0178 

.0190 

.0280 

.0292 

.0808 

.0600 

.0671 

.10 

.14 

.17 

.21 

.26 

.82 

Inch. 

0. 

0. 

Initial  1<MU1. 
ElasUc  limit. 

V 

Tensile  strength. 
«  86.7  per  cent 

0. 

0. 
0. 
.0001 

.0009 

.0068 

.0207 

1.07 

Elongation  of  inch  sections,  ".28,  ".29,  ".50*. 

Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 

Contraction  of  area,  57  per  cent. 

Fractured  l".l  from  the  neck.     Appearance,  fine  silky,  serrated. 
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No.  7495. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Marks,  283,  7x4  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  585. 


AppUed 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Bet. 

PoundM. 
1,000 
6,000 
10,000 
20,000 
80,000 
85,000 
40,000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48,000 
49,000 

50,000; 

52,000 
64,000 
56,000 
60,000 
64,000 
68,000 
70,000 
74,000 
78,000 
82,000 
86,000 
90,000 
94,000 
98,000 
108,520 
0 

India. 
0. 
.0006 

.0011 

.0024 

.0088 

.0043 

.0060 

.0064 

.0060 

.0062 

.0070 

.0108 

.0186 

.0275 

.0290 

.0390 

.0676 

.0772 

.0925 

.1358 

.17 

.21 

.22 

.27 

.82 

.87 

.42 

.49 

.59 

.71 

Inch, 

.0 

.0 

InlUal  load. 
ElasUc  limit. 

0. 

0. 

.0011 

.0825 

1 

1 

Tensile  strength. 
=»  44.3  per  cent. 

1.83 

Elongation  of  inch  sections,  ".33,  ".39,  ".61** 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.5  per  cent. 
Fractured  l".l  from  the  neck.     Appearance,  fine  silky 


TENSILJS   SPECIMENS   FBOM   BUPTUBED   ENDURANCE   SHAUTS.       285 

No.  7496. 

Bethlehem  Steel.     Annealed. 

Marks,  284,  7  X  7  S. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Repoi-t  of  1895,  page  588. 


Applied 

loads  per 

square 

inch. 

In  gauged  lengrth. 

Remarks. 

£longa- 
Uon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
90,000 
35,000 
40,000 
45,000 
48,000 
49,000 
50,000 
45.000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
64,000 
56,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
92,000 
94,080 
0 

Inch. 

0. 

.0003 
.0010 
.0020 
.0030 
.0035 
.0040 
.0047 
.0050 
.0051 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 

Momentarily  reached,  load  fell. 

Tensile  strength. 
=  25  per  cent. 

0. 
0. 

.0122 

.0142 

.0230 

.0257 

.0265 

.0290 

.0311 

.0332 

.0875 

.0422 

.0525 

.0639 

.0760 

.0910 

.1087 

.1325 

.17 

.21 

.83 

.75 

Elongation  of  inch  sections,  ".16,  ".40*,  ".19. 
Diameter  at  fracture,  ".42;  area,  .1385  square  inch. 
Contraction  of  area,  44.6  per  cent. 
Fractured  1".56  from  the  neck.     Appearance,  silky. 


286      TENSILE   8FECIMEKS   FBOM   BUPTUBED   EKDUBAKCE   SHAITTS. 

No.  7497. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Marks,  285,  7X7  HS. 

Diameter,  ".664. 

Sectional  area,  .25  squai*e  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  589. 


square 
Inch. 

In  gauged  length. 

Remark}!. 

Elongar 
Uon. 

Set. 

JPtmnds. 
1,000 
5,000 
10,000 
20,000 
80,000 
85,000 
40,000 
45,000 
50,000 
55,000 
60,000 
61,000 
62,000 
60.000 
61,000 
62,000 
63,000 
64,000 
66,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100,000 
104,000 
105,120 
0 

Inch. 

0. 
.0004 
.0010 
.0021 
.0081 
.0037 
.0042 
.0048 
.0053 
.0059 
.0062 
.0063 
.0065 
.0185 
.0250 
.0260 
.0270 
.0290 
.0332 
.0387 
.0480 
.0680 
.0700 
.0640 
.0965 
.1190 
.15 
.20 
.31 

Inch. 

0. 

0. 

Initial  load. 
ElasUc  limit. 

Tensile  strength. 
=20.7  per  cent. 

0. 

0. 

■""'6: 

.62 

Elongation  of  inch  sections,  ".13,  ".13,  ".36*. 

Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 

Contraction  of  area,  49.7  per  cent. 

Fractured  ".9  from  the  neck.     Appearance,  silky,  cup-shaped. 


TENSILE   SPECIMENS   FBOM  BUPTUBEI>  ENDUBANGE   SHAJ-TS.       287 

No.  7498. 

Bethlehem  Steel.     Annealed. 

Marks,  286,  7X6  S. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1896,  page  687. 


squftie 
inch. 

In  gauged  length. 

RemarkB. 

Elonga- 
Uon. 

Bet. 

Poundf. 
1.000 
6,000 
10,000 
20,000 
80,000 
85,000 
40,000 
44,000 
45,000 
42,000 
48,000 
44.000 
45,000 
46,000 
47,000 
48,000 
50,000 
62,000 
66,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
82,480 
0 

Inch. 

0. 

.0008 
.0009 
.0019 
.0029 
.0084 
.0069 
.0048 
.0044 
.0090 
.0150 
.0886 
.0841 
.0360 
.0885 
.0420 
.0485 
.0660 
.0700 
.0845 
.1060 
.1880 
.1680 
.22 
.82 

Inch. 

0. 

0. 

Initial  load. 
ElaHtic  limit 

Tensile  strength. 
=29  per  cent. 

0. 

.87 

Elongation  of  inch  sections,  ".20,  ".46*,  ".22. 
Diameter  at  fracture,  ".39;  area,  .1194  square  inch. 
Contraction  of  area,  62.2  per  cent. 
Fractured  1".6  from  the  neck.     Appearance,  silky. 


288      TENSILE   SPECIMENS    PROM   RUPTUEED   ENDURANCE   SHAFTS. 

No.  7499. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Marks,  287,  7X6  HS. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1896,  page  587. 


ApnUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

.0003 

.0009 

.0020 

.0030 

.0035 

.0040 

.0050 

.0054 

.0055 

.0150 

.0225 

.0245 

.0270 

.0295 

.0328 

.03&5 

.0450 

.0580 

.0720 

.0900 

.1105 

.1390 

.18 

.26 

Set. 

Ftmnds. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
50,000 
54,000 
56,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
58,000 
60,000 
64,000 
68,000 
72,000 
76,000 
•      80,000 
84,000 
88,000 
90,000 
0 

Inch. 
0. 

Initial  load. 

Elastic  limit. 
Load  fell. 

Tensile  strength. 
=26  per  cent. 

0. 
0. 

.75 

Elongation  of  inch  sections,  ".16,  ".22,  ".38*. 
Diametei*  at  fracture,  ".36;  area,  .1018  square  inch. 
Contraction  of  area,  59.3  per  cent. 
Fractured  1".17  from  the  neck.     Appearance,  silky. 


TENSILE   SPECIMENS   FROM   EUPTUBED   ENDURANCE   SHAHTS.       289 

No.  7500. 

Bethlehem  Steel.     Annealed. 

Marks,  288,  7X6  S. 

Dianaeter,  ".564. 

Sexjtional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  report  of  1895,  page  586. 


Applied 
loaas 


In  gauged  length. 


>  loads  per 


inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
30.000 
85,000 
40,000 
41,000 
37,000 
38,000 
39.000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
48,000 
52,000 
56,000 
60,000 
64,000 
68,000 
70,880 
0 


tion. 


iTtch. 

0. 
.0008 
.0009 
.0019 
.0029 
.0033 
.0039 
.0040 
.0175 
.0210 
.0320 
.0450 
.0458 
.0490 
.0520 
.0570 
.0660 
.0740 
.0980 
.1265 
.17 
.23 


Set. 


Inch. 

0. 

0. 


Remarks. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 
I  =83  per  cent 


Elongation  of  inch  sections,  ".22,  ".55*,  ".22. 
Diameter  at  fracture,  ".35;  area,  ,0962  square  inch. 
Contraction  of  area,  61.5  per  cent. 
Fractured  1".84  from  the  neck.     Appearance,  silky. 

H.  Doc.  335 19 


290      TENSILE   SPECIMENS   FROM   RUFTUBEJ>   ENDURANCE   SHAFTS. 

No.  7501. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Marks,  289,  7  X  5  HS. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  686. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poufids. 
1,000 
5,000 
10,000 
20,000 
30,000 
36,000 
40,000 
44,000 
45,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 

Inch. 

0. 
.0003 
.0010 
.0020 
.0031 
.0086 
.0040 
.0043 
.0070 
.0110 
.0140 
.0285 
.0305 
.0350 
.0380 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit 

Tensile  strength. 

0. 

48,000              .0515 
52,000    ,          .0700 
56,000              -09»n 

60,000 
64,000 
68,000 
72,000 
72,080 
0 

.1210 
.16 
.22 
.47 

.92 

=  30. 7  per  cent.                                                                              : 

Elongation  of  inch  sections,  ".27,  ".49*,  ".16. 
Diameter  at  fracture,  ".31;  area,  .0765  square  inch. 
Contraction  of  area,  69.8  per  cent. 
Fractured  1".5  from  the  neck.     Appearance,  silky 


TENSILE   SPECIMENS   FROM   RUPTURED   ENDURANCE   SHAFTS.       291 

No.  7502. 

Bethlehem  Steel,  Nickel.     Annealed. 

Marks,  290,  7x3  S. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1896,  page  682. 


Applied 

loaosper 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
36,000 
40,000 
50,000 
60,000 
65,000 
70,000 
75,000 
78,000 
79,000 
80.000 
81,000 
82,000 
83,000 
84,000 
88,000 
92,000 
96,000 
100,000 
104,000 
108,000 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 

.0008 
.0010 
.0020 
.0031 
.0036 
.0041 
.0052 
.0063 
.0069 
.0078 
.0079 
.0085 
.0088 
.0109 
.0123 
.0210 
.0260 
.0820 
.0576 
.0820 
.1045 
.1390 
.18 
.82 
.57 


Set. 


Inch. 

0. 

0. 


0. 
0. 
0. 
0. 
0. 
0. 


.0021 


Remarks. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 
=19  per  cent. 


Elongation  of  inch  sections:  ".37*,  ".11,  ".09. 
Diameter  at  fracture,  ".37;  area,  .1076  square  inch. 
Contraction  of  area,  57  per  cent. 
Fractured  ".9  from  the  neck.     Appearance,  fine  silky. 


292      TENSILE   SPECIMENS   FROM    RUPTURED   ENDURANCE   SHAFTS. 

No.  7503. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Marks,  291,  7x3  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  583. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

p:ionga- 
tlon. 

Set. 

Pmindg. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
60,000 
60,000 
70,000 
75,000 
80,000 
90,000 
100,000 
108,000 
109,000 
110,000 
111,000 

Inch. 

0. 
.0003 
.0010 
.0020 
.0081 
.0041 
.0052 
.0061 
.0071 
.0076 
.0081 
.0091 
.0101 
.0108 
.0110 
.0190 

Inch. 

0. 

0. 

luiUal  load. 

Elastic  limit. 

Tensile  strength. 
=18.3  per  cent. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

112,000    1          .0590 
114,000    '           OfiftO 

116,000 
118,000 
120.000 
124,000 
126,760 
0 

.0860 
.11 
.13 
.19 

.65 

Elongation  of  inch  sections:  ".35*,  ".12,  ".08. 

Diameter  of  fracture,  ".35,  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  ".95  from  the  neck.     Appearance,  tine  silky,  serrated. 


TEN8ILE   SPECIMENS   FROM   RUPTURED   ENDURANCE    SHAUTTS.       293 

No.  7504. 

Bethlehem  Steel,  Nickel.     Annealed. 

Marks,  292,  7  X  2  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1896,  page  580. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

'^r    ««'• 

Poundt. 
1,000 
5,000 
10,000 
20,000 
30,000 
85,000 
40,000 
50.000 
00,000 
62,000 
61,000 
62,000 
68,000 
64,000 
66,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88.000 
92,000 
92,880 
0 

Inch. 

0. 
.0008 
.0010 
.0020 
.0031 
.0086 
.0041 
.0051 
.0062 
.0065 
.0890 
.0450 
.0470 
.0520 
.0580 
.0640 
.0<t40 
.1060 
.1820 
.18 
.28 
.85 

Inch. 
0. 
0. 

IiiiUal  load. 
Elastic  limit. 

0. 
0. 
0. 

Tensile  strength. 
=  26  per  cent 

.75 

Elongation  of  inch  sections:  ".15,  ".25,  ".35*. 

Diameter  at  fracture,  ".37;  area,  .1075  square  inch. 

Contraction  of  area,  57  per  cent. 

Fractured  1".25  from  the  neck:     Appearance,  fine  silky,  cup-shaped. 


294       TENSILE   SPECIMENS    FROM   RUPTURED    ENDURANCE   SHAFTS. 

No.  7505. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Marks,  293,  7x2  HS. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1895,  page  5S1. 


Applied 

loaas  per 

square 

Inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarkn. 

Pound*. 
1,000 
5,000 
10,000 
20.000 
30,000 
40.000 
60,000 
60,000 
70,000 
80.000 
90,000 
100,000 
101,000 
97,000 
98.000 
99,000 
100,000 
101,000 
102,000 
104,000 
106,000 
108,000 
112.000 
116,000 
116,800 
0 

Itich. 

0. 
.0003 
.0010 
.0020 
.0030 
.0040 
.0061 
.0061 
.0071 
.0081 
.0091 
.0101 
.0103 
.0150 
.0190 
.0310 
.0620 
.0600 
.0650 
.0636 
.0973 
.1140 
.1500 
.24 

Inch. 

0. 

U. 

Initial  load. 

0. 
0. 

0. 

Elastic  limit. 

Tensile  strength. 
"19  per  cent. 

.67 

Elongation  of  inch  sections:  ".10,  ".17,  ".30*. 

Diameter  at  fracture,  ".36;  area,  .1018  square  inch. 

Contraction  of  area,  59.3  per  cent. 

Fractured  1".15  from  neck.     Appearance,  line  silky,  serrated. 


TENSILE   SPECIMENS   FROM   RUPTURED   ENDURANCE   SHAFTS.       295 

No.  7506. 

Bethlehem  Steel.     Annealed. 

Marks,  294,  7X8  S. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  Report  of  1896,  page  590. 


Applied 

loads  per 

square 

Inch. 

In  gauged  len^h. 

RemarlcR. 

Elonga- 
tion. 

Set. 

'_ 

Inch. 

1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
50,000 
56,000 
57,000 
58,000 
69,000 
60,000 
61,000 
62,000 
64,000 
68.000 
72,000 
76,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100.000 
104,000 
108,000 
112,000 
116,000 
120,000 
124.000 
127,760 
0 

Ine?L 

0. 
.0006 
.0009 
.0019 
.0029 
.0039 
.0049 
.0057 
.0075 
.0089 
.0102 
.0112 
.0123 
.0137 
.0160 
.0220 
.0275 
.0330 
.0890 
.0455 
.0530 
.0608 
.0680 
.0785 
.09 
.10 
.12 
.13 
.15 
.19 

Initial  load. 
Elastic  limit. 

Tensile  Btrength. 
=  11.7  per  cent. 

0. 
0. 

.0043 



1 



.85 

Elongation  of  inch  sections:  ".08,  ".10,  ".17*. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 

Fractured  ".8  from  the  neck.     Appearance,  granular,  dull  silky 
spot  near  the  center. 


296       TENSILE   SPECIMENS   FROM   RUPTURED    ENDURANCE    SHAFTS. 

No.  7507. 

Bethlehem  Steet.     Oil  hardened  and  annealed. 

Marks,  295,  7x8  HS. 

Dianaeter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3." 

For  endurance  test  see  Report  of  1895,  page  591. 


AppUed 

loaoH  per 

Kqiiare 

inch. 

In  giiuged  length. 

RemarkB. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
40,000 
60,000 
60,000 
70,000 
80,000 
82,000 
88,000 
84,000 
86,000 
86,000 
88,000 
90,000 
92,000 
96.000 
100,000 
104.000 
108,000 
112,000 
116,000 
120,000 
128,000 
136,000 
144,000 
152.000 
152,600 
0 

Tnch. 

0. 
.0004 
.0010 
.0020 
.0030 
.0040 
.0060 
.0061 
.0071 
.0081 
.0084 

Inch. 

0. 

0. 

Initial  load 
Elastic  limit. 

Tensile  strength. 
=- 12.7  per  cent. 

U. 
0. 
0. 
0. 
0. 

.0089 

.0099 

.0113 

.0129 

.0140 

.0158 

.0178 

.0230 

.0288 

.0342 

.0400 

.0460 

.0540 

.0608 

.08 

.10 

.13 

.25 



.0450 

•" 

Elongation  of  inch  sections:  ".08,  ".17*,".  13*. 
Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 
Contraction  of  area,  30.6  per  cent. 

Fractured  1".13  from  the  neck.     Appearance,  fine  granular,  dull 
silky  spot  at  center. 


TENSILE   SPECIMENS   FBOM   BUFTURED   ENDUBANCE   SHAFTS.       297 

No.  7508. 

Gautier  Steel.     Hot  rolled  bar. 

Marks,  300,  9-Cl. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test,  see  present  Report,  page  259. 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Elonga- 
Uon. 

Set. 

Remarks. 

Pounda.          Inch, 
1,000    1       0. 
6,000             .0006 
10,000             .0010 
20,000               -00120 

Inch. 

0. 

0. 

Initial  load. 

80,000 
40,000 
60,000 
60,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100,000 
104,000 
106,000 
116,000 
124,000 
132.000 
140,000 
147,600 
0 

.0090 

.0040 

.0060 

.0060 

.0067 

.0078 

.0111 

.0120 

.0186 

.0160 

.0178 

.0195 

.0215 

.0285 

.0280 

.0835 

.0383 

.0448 

.0600 

.06 

.07 

.06 

.10 

.12 

.16 

odd 

Elastic  limit. 

.'6136" 

.0349 

Tensile  strength. 

.27 

=9  per  cent- 



Elongation  of  inch  sections:  ".08,  ".11*,  ".08*. 
Diameter  at  fracture,  ".54;  area,  .2290  square  inch. 
Contraction  of  area,  8.4  per  cent. 
Fractured  1".2  from  the  neck.     Appearance,  tine  granular. 


298      TENSILE   SPECIMENS   FROM   RUFTUKED   ENDURANCE   SHAFTS. 

No.  7563. 

Bethlehem  Steel.     Treated  bar 

Marks,  301,  7  B17  Y  1-1. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test,  see  present  Report,  page  260. 


Applied 

loaOB  per 

square 

Inch. 

In  gauged  length. 

1 

Elonga- 
Uon. 

Set. 

Remarks. 

Ptnmds. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
50,000 
60,000 
70,000 
80,000 
90,000 
91,000 
92,000 
93,000 
94,000 
95,000 
96,000 
98,000 
100,000 
102,000 
104,000 
106,000 
110,000 
114,000 
120,000 
124,000 
128,000 
180,400 
0 

hich. 

0. 

.0004 
.0010 
.0020 
.0081 
.0041 
.0051 
.0061 
.0071 
.0080 
.0090 
.0092 
.0146 
.0154 
.0162 
.0180 
.0199 
.0240 
.0300 
.0860 
.0410 
.0475 
.0600 
.07 

Inch. 

0. 

0. 

Initial  load. 

0. 

0. 
0. 
0. 
0. 

ElasUc  limit. 

.0188 

.0462 

Tensile  strength. 
=  11.7  per  cent. 

.09 



.12 
.15 

.36 

Elongation  of  inch  sections:  ".04,  ".04,  ".27*. 
Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 
Contraction  of  area,  49.7  per  cent. 

Fractured  ".4  from  the  neck.     Appearance,  fine  silky,  serrated. 
Load  at  time  of  fracture,  25,200  pounds =200,480  pounds  per  square 
inch  on  area  at  rupture. 


TENSILE    SPECIMENS   FROM   RU1*TUBED   ENDURANCE   SHAFTS.       299 

No.  7509. 

Gautier  Steel.     Hot  rolled  bar. 

Marks,  308,  11-C3. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Kepoit,  page  261. 


Applied 

loads  per 

square 

fnch. 

In  gauged  length. 

Remarks. 

Elonga-    1       Q_. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
50,000 
60,000 
70,000 
74,000 
73,000 
74,000 
75,000 
76,000 
78,000 
79,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100,000 
108,000 
115,400 
0 

Inch. 

0. 

.0008 
.0010 
.0020 
.0030 
.0040 
.0050 
.0060 
.0070 
.0074 
.0152 
.0200 
.0243 
.0256 
.0293 
.0320 
.0342 
.0384 
.0438 
.0480 
.0530 
.0590 
.07 

Inch. 

0. 

0. 

Initial  loan. 

6. 
0. 
0. 
0. 

1 
Elastic  limit. 

Tensile  strength. 
==  2.3  per  cent. 

.041» 

.07 

Elongation  of  inch  sections:  ".02,  ".02,  ".03*. 
Diameter  at  fracture,  ".56;  area,  .2463  square  inch. 
Contraction  of  area,  1.5  per  cent. 
Fractured  ".3' from  the  neck.     Appearance,  fine  gmnular. 


300      TKNSILE   SPECIMENS   FBOM   RUl^URED   ENDURANCE   SHAUTS. 

No.  7544. 

Gautier  Steel.     Hot  rolled  bar. 

Marks,  309,  7-Bl. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  263. 


1,000 
6,000 
10.000 
20,000 
30,000 
40,000 
45.000 
50,000 
60,000 
68,000 
64,000 
65,000 
66,000. 
67.000 
68,000 
70,000 
72,000 
76,000 
80,000 
84,000 
88,000 
92,000 
96,000 
100,000 
108,000 
116,000 
124,000 
136,000 
139,120 
0 


Inch.  Inch. 

0.        0.     I  IiiitiHl  hiad. 

.0004     0. 

.0010 

.0020 

.0030 

.0040 

.0046 

.0061 

.0062      .0001 

.0066  ■  KlastJr  limit. 

.0072 


.0100 
.0110 
.0118 
.0189 
.0160 

.02a'> 

.0248 

.0310 

.0370 

.0133 

.0500 

.0676 

.07 

.09 

.12 

.22 


.IH)51 

'.oisi* 


.0121 


.30 


I  Tensile  stren^h. 
=10  per  cent. 


Elongation  of  inch  sections:  ".13*,  ".10,  ".07. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 
Fractured  1"  from  the  neck.     Appearance,  fine  granular. 


TENSILE   SPECIMENS   FROM    RUPTURED   ENDURANCE   SHAFTS.       301 

No.  7510. 

Gautier  Steel.     Hot  rolled  bar. 

Marks,  310,  9-C  2. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  264. 


Applied 

loadaper 

square 

inch. 

III  gauged  length. 

Remarkn. 

Elonga- 
tion. 

Set. 

Pminds.          Inch. 
1,000           0. 
5.000             .0008 
10,000              .0010 

Inch. 

0. 

0. 

InltlRl  load. 

20,000              .0020 

30,000    '          .0030 

40,000              .0040 
60,000    '          .0060 
60.000    ;         .0060 
67.000    ,          .0069 
68,000    1           01(M 

0. 
0. 
0. 

Klastic  limit. 

Tensile  strength. 
=  9  per  cent. 

60,000 

.0117 

70,000 
72,000 

.0126 
.0143 
-01fi2- 



.0tM2 

74,000 

76,000              .0188 
80,000              .0228 

84,000              .0272 

88,000              .0821 

92, 000              .  0872 

96,000    f           0424 

100,000 
108,000 

.0490 

.07 

.08 

.09 

.12 

.16 

.0338 

116,000 

124,000 

182,000 

140,000 
147,600 

0 

.27 

Elongation  of  inch  sections:  ".09,  ".10*,  ".08. 

Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 

Contraction  of  area,  11.8  per  cent. 

Fractured  1".37  from  the  neck.     Appearance,  tine  granular. 


302      TENSILE    SPECIMENS   FROM    RUPTUBEO    ENDURANCE   SHAFTS. 

No.  7511. 

Bethlehem  Steel.     Annealed  at  low  heat. 

Marks,  3:>1,  7x2,  1. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  266. 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
80,000 
35,000 
40,000 
45,000 
50,000 
65,000 
60,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
72,000 
74,000 
76,000 
80,000 
84.000 
88,000 
92,000 
96,000 
100,000 
104,000 
104,800 
0 


In  gauged  length. 


Set. 


Inch. 

0. 
.0008 
.0009 
.0019 
.0030 
.0035 
.0041 
.0047 
.0051 
.0056 
.0061 
.0068 
.0071 
.0074 
.0078 
.0090 
.0190 
.0280 
.0375 
.0450 
.0603 
.08 
.10 
.12 
.15 
.20 
.30 


Inch. 

0. 

0. 


Remarks. 


Initial  load. 


0. 
0. 
0. 
0. 
0. 
.OUOl 


.0111 


£la:;tiG  limit. 


.0500 


.   Ten.sile  strength. 
.1  =16.3  per  cent. 


Elongation  of  inch  sections:  ".31*,  ".09,  ".09. 

Diameter  at  fracture,  ".43;  area,  .1452  square  inch. 

Contraction  of  area,  41.9  per  cent. 

Fractured,  ".76  from  the  neck.     Appearance,  fine  silk}",  cup-shaped. 


TENSILE    SPECIMENS   FROM   BUPTUBED    ENDURANCE    SHAFTS.       303 

No.  7512. 

Metal  from  Nickel  Steel  Ingot.     Natural  state. 

Marks,  322,  N3-E. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  267. 


Applied 

loads  per 

square 

Inch. 


In  ganged  length. 


Pounds. 
1,000 
6,000 
10.000 
16,000 
20,000 
26,000 
30,000 
81,000 
32,000 
38,000 
84,000 
36,000 
86,000 
87,000 
88,000 
39,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60,000 
62,000 
68,200 
0 


Elonga- 
tion. 


Inch. 

0. 

.0008 
.0010 
.0016 
.0020 


Set. 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 


.0068 
.0066 

.0001 

.0040 

.0048 

.0060 

.0068 
.0067 

.0018 

.0077 

.0098 

.0120 

.0168 
.0260 

.0119 

.0360 

.0466 

.0680 

.0772 
.10 

.0708 

.16 

Remarks. 


Initial  load 


KlaKtic  limit. 


Tensile  strength. 
»6.3  per  cent. 


".03,  ".03. 

square  inch. 


£longation  of  inch  sections:  ".10*, 
Diameter  at  fracture,  ".53;  area, 
Contraction  of  area,  11.8  per  cent. 
Fractured  ".9  from  the  neck.     Appearance,  40  per  cent  granular 
with  lustrous  facets;  60  per  cent  dull  amorphous. 


304      TENSILE   SPECIMENS   FROM   BUPTURED    ENDURANCE    SHAFTS. 

No.  7513. 

Metal  from  Carbon  Steel  Ingot.     Natural  state. 

Marks,  323,  C3-E. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  268. 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pound*. 
1,000 
5,000 
10,000 
15.000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23.000 
24,000 
25,000 
26,000 
28.000 
30,000 
32,000 
34,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
51,600 
0 

Jtwh, 

0. 
.0008 
.0010 
.0015 
.0021 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 
Elastic  limit. 

.0035 

.0053 

.0063 

.0090 

.0109 

.0147 

.0172 

.0218 

.0241 

.0290 

.0372 

.0485 

.06 

.07 

.09 

.10 

.12 

.14 

.17 

.20 

.24 

.0067 

.0211 

.0148 

.30 



Tensile  strength. 
=18.8  per  cent. 

.40 

Elongation  of  inch  sections:  ".12,  ".13,  ".16*. 
Diameter  at  fracture,  ".52;  area,  .2124  square  inch. 
Contraction  of  area,  15  per  cent. 

Fractured  1".24  from  the  neck.     Appearance,  40  per  cent  granular, 
60  per  cent  irregular  surface,  amorphous. 
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No.  75U. 

Bethlehem  Steel.     Annealed  at  high  heat. 

Marks,  324,  7X1,  8. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  268. 


Applied 

loads  per 

square 

Inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 

.0003 
.0010 
.0020 
.0031 
.0041 
.0046 
.0051 
.0053 
.0111 
.0170 
.0215 
.0285 
.0607 
.0682 

Set. 

Pounds. 
1,000 
6.000 
10,000 
20,000 
30,000 
40,000 
46,000 
50,000 
51,000 
46,000 
47,000 
48,000 
49,000 
50,000 
62,000 
56,000 
58,000 
60,000 
62,000 
64,000 
68,000 
72,000 
75,200 
0 

Inch. 

0. 

0. 

IniUal  load. 
Elastic  limit. 

Tensile  strength. 
=  27  per  cent. 

0. 
0. 
0. 

.0448 

.0930 

.1073 

.1218 

.15 

.17 

.22 

.31 

.1139 

.81 



Elongation  of  inch  sections:  ".13,  ".19,  ".49*. 

Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  1"  from  the  neck.     Appearance,  tine  silky,  cup-shaped. 

II.  Doc.  335 20 


306      TBN8ILE   8PKCIMENS   FROM   BUPTURED   ENDURANCE   SHAFTS. 

No.  7515. 

Metal  from  Nickel  Steel  Ingot.     Oil  tempered  and  annealed. 

Marks,  325,  N3-D. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  269. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

RemarlcH. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
16,000 
20,000 
25,000 
90,000 
35,000 
40,000 
45.000 
50,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
62,000 
64,000 
68,000 
72,000 
76,000 
80,000 
80,800 
0 

Inch. 

0. 
.0006 
.0010 
.0015 
.0020 
.0026 
.0031 
.0036 
.0042 
.0047 
.0052 
.0058 
.0140 

hick. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 
KlaKtic  limit. 

.0220 

.0329 

.0872 

.0440 

.0480 

.0657 

.09 

.18 

.18 

.29 





.0368 

■ 

Tensile  strength. 

.41 

=»13.7  per  cent. 



Elongation  of  inch  sections:  ".16,  ".10,  ".15*. 
Diameter  at  fracture,  ".47;  area,  .1735  square  inch. 
Contiiiction  of  area,  30.6  per  cent. 

Fractured  1".5  from  the  neck.     Appearance,  dull  amorphous,  light 
and  dark  colored  patches.     Opened  cracks  in  surface  of  stem. 


TENSILE   SPECIMENS   FROM    RUPTURED   ENDURANCE    SHAFTS.       307 

No.  7564. 

Metal  from  Carbon  Steel  Ingot.     Oil  tempered  and  annealed. 

Marks,  327,  C3-D. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  270. 


loaas  per 
Bqnare 
inch. 

In  gauged  length. 

Elonga- 
tion. 

Tnch. 

0. 

.0004 
.0010 
.0020 
.0081 
.0087 
.0041 
.0042 
.0046 
.0048 
.0370 
asaa 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 

Inch. 

0. 

0. 

0. 
0. 
0. 

46,000    1          .0400 
47,000    1          .0440 
48,000              .0480 
49,000    !          .0532 
50,00r)    !          .0580 
52,000              -07 

.0512 

56,000 
60,000 
64,000 
68,000 
69,680 
0 

.10 
.12 
.16 
.24 

.38 

Remarks. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 
=  12.7  per  cent. 


Elongation  of  inch  sections:  ".13,  ".16*,  ".09. 
Diameter  at  fracture,  ".50;  area,  .1964  square  inch. 
Contraction  of  area,  21.4  per  cent. 

Fractured  1".3  from  the  neck.     Appearance,  dull  gray,  amorphous. 
Pitted  surface.     Opened  cracks  along  surface  of  stem. 


308      TENSILE   SPECIMENS   FROM   BUPTURED    ENDURANCE    SHAFTS. 

No.  7641. 

Bethlehem  Steel.     Oil  tempered  and  aimealed  at  low  heat. 

Marks,  328,  7  X  2,  5. 

Diameter,  ".664. 

Sectional  area,  .26  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  271. 


Applied 

loads  per 

square 

inch. 


Pounds, 
1,000 
5,000 
10,000 
20,000 
80,000 
40.000 
45,000 
50,000 
55,000 
60,000 
65,000 
68,000 
69,000 
70,000 
71,000 
72,000 
74,000 
76,000 
78.000 
80,000 
84,000 
88,000 
92,000 
96,000 
100,000 
102,400 
0 


In  grauged  length. 


Elonga- 
tion. 

Set. 

Inch. 

0- 
.0004 
.0011 

Inch. 

0. 

0. 

.0021 

.0031 
.0041 
.0046 

0. 
0. 

.0061 
.0059 
.0066 
.0073 
.0082  • 

0. 

0. 

.0001 
.0003 

.0087 

.0110 
.0280 

.0033 

.0330 

.0440 

.0512 

.0622 

.0749 
.09 

.0643 

.13 

.17 

.22 

.29 

.81 

Remarks. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 
=27  per  cent. 


Elongation  of  inch  sections:  ".17,  ".48*,  ".16. 

Diameter  at  fi-acture,  ".36;  area,  .0962  square  inch. 

Contraction  of  area,  61.6  per  cent. 

Fractured  at  the  middle  of  the  stem.     Appearance,  fine  silky. 


TENSILE   SPECIMENS    FROM    RUPTURED    ENDURANCE   SHAFTS. 


309 


No.  7542. 

Bethlehem  Steel.     Oil  tempered  and  annealed  at  low  heat. 

Marks,  329,  7x1,  5. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  271. 


Applied 

loads  per 

Rquare 

inch. 


Pounds. 
1.000 
5,000 
10.000 
20,000 
90,000 
40,000 
46.000 
50,000 
54,000 
50,000 
51,000 
52,000 
58,000 
54.000 
56,000 
58,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
80,800 
0 


In  gauged  length. 


i 


ElongBr 
tion. 


Set. 


Inch.  Inch. 

0.  0. 

.0004  0. 

.0010     , 

.0020     

.0030     

.0041  0. 

.0046    ! 

.0051  .0001 

.0058     , 

.0300     , 

.0370     

.0396     

.0432    

.0492  .0426 

.0568    i 

.0687      

.0804  .0726 

.10        ! 

.13        i 

.17        ' 

.22 

.40        , , 

'".si"  "'.'.'.'.'.'.'.'.'.'.. 

I 


Remark!). 


Initial  load. 


Elastic  limit.    Load  fell. 


Tensile  strength. 
»  29  per  cent. 


Elongation  of  inch  sections:  ".18,  ".52*,  ".17. 
Diameter  at  fracture,  ".31;  area,  .0755  square  inch. 
Contraction  of  area,  69.8  per  cent. 
Fractured  1".8  from  the  neck.     Appearance,  fine  silky. 


310       TENSILE    SPECIMENS    FROM    RUPTURED    ENDURANCE    SHAFTS. 

No.  7543. 

Bethlehem  Steel.     Annealed  at  low  heat. 

Marks,  330,  7x1,  2. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  272. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

RemarkK. 

Pound*. 
1,000 
5,000 
10.000 
20,000 
30.000 
35,000 
40,000 
45,000 
60,000 
55,000 
57,000 
62,000 
58,000 
54.000 
55,000 
66,000 
58,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80.000 
82,600 
0 

Inch. 

0. 
.0003 
.0010 
.0020 
.0031 
.0086 
.0041 
.0046 
.0052 
.0058 
.0060 
.0132 
.0144 
.0260 
.0328 
.0362 
.0450 
.0761 
.09 
.12 
.15 
.'JO 
.28 

Inch. 

0. 

0. 

Initial  load. 

^ . 

Klaatic  limit.    Load  fell. 

0. 
0. 

• 

.0682 

Tensile  strength. 
=  20.7  per  cent. 

.62 

Elongation  of  inch  sections:  ".35*,  ".17,  ".10. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.5  per  cent. 
Fractured,  1".2  from  the  neck.     Appearance,  fine  silky. 
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No.  7645. 

Bethlehem  Steel.     Annealed  at  high  heat 
Marks,  331,  7x1,  4. 
'  Diameter,  ".564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 
For  endurance  test  see  present  Report,  page  272. 


ApDUed 

square 
Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounda. 
1,000 
5,000 

20,000 

ao,ooo 

40,000 
46,000 
49,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
62,000 
64,000 
66,000 
68,000 
60,000 

Inch. 
0. 
.0004 

.0010 
.0021 
.0081 
.0041 
.0046 
.0062 
.0180 
.0280 
.0809 
.0862 
.0400 
.0445 
.0640 
.0715 
.0810 
.0940 
.1066 
.1200 

Inch. 

0. 

0. 

Initial  load. 

0. 
0. 

Elastic  limit.    Load  fell. 

TenMle  strength. 
=27.7  per  cent. 



.0478 

64,000    .         .17 
68,000    >         .22 
72,000    <           82 

74,800 

.88 

Elongation  of  inch  sections:  ".33»,  ".37*,  ".13. 
Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 
Contraction  of  area,  61.6  per  cent. 
Fractured  1".47  from  the  neck.     Appearance,  fine  silky. 
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No.  7565. 


Bethlehem  Steel.     Oil  tempered  and  annealed  at  low  heat. 

Marks,  332,  7X1,  6. 

Diameter,  ".564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  273. 


Applied 

loads  per 

Kquare 

inch. 


In  gauged  length. 


Elonga- 
tion. 


Poumls. 
1,000 
5,000 
10,000 
20,000 
30,000 
85,000 
40,000 
45,000 
50,000 
55,000 
49,000 
60.000 
51,000 
52,000 
54,000 
55,000 
60,000 
64,000 
68,000 
72,000 
76,000 
77,680 
0 


Inch. 

0. 
.0004 
.0010 
.0021 
.0032 
.0088 
.0043 
.0049 
.0054 
.0059 
.0350 
.0400 
.0472 
.0500 
.0598 
.0670 
.10 
.18 
.17 
.23 
.35 


Inch. 

0. 

0. 


RemarkH. 


.0001 


.0001 
.0001 
.0001 
.0001 


.90 


Initial  load. 


Elastio  llmil.    Urnd  fell. 


Tensile  strength. 
=  30  per  cent. 


Elongation  of  inch  sections:  ".17,  ".49*,  ".24. 
Diameter  at  fracture,  ".31;  area,  .0755  square  inch. 
Contraction  of  area,  69.8  per  cent. 
Fractured  1".6  from  the  neck.     Appearance,  tme  silky. 
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No.  7586. 

Bethlehem  Steel.     Oil  tempered  and  annealed  at  high  heat. 

Marks,  333,  7X1,  8. 

Diameter,  ".664. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

For  endurance  test  see  present  Report,  page  278. 
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Applied 

loaOHper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 
.0004 
.0010 
.0020 
.0031 
.0042 
.0048 
.0056 
.0061 
.0068 
.0069 
.0070 
.0108 
.0140 
.0440 
.0510 
.0580 
.0665 
.0770 
.0849 
.0915 
.13 
.16 
.21 
.35 

Set. 

Pounds. 
1,000 
5,000 
10.000 
20,000 
SO.  000 
40,000 
45.000 
50.000 
65,000 
60.000 
62,000 
63,000 
58,000 
59,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
76,000 
80,000 
84,000 
88.000 
88,960 
0 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Load  fell. 

Tensile  strength. 
=  24.7  per  cent. 

0. 
0. 
0. 
0. 
0. 

.0752 

.74 

Elongation  of  inch  sections:  ".14,  ".44*,  ".16. 

Diameter  at  fracture,  ".35;  area,  .0962  square  inch. 

Contraction  of  area,  61.5  per  cent. 

Fractured  1".6  from  the  neck.     Appearance,  tine  silky,  cup-shaped. 
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No  7687. 

Bethlehem  Steel.     Annealed  at  high  heat. 

Marks,  336,  7x2,  3. 

Diameter,  ".664. 

Sectional  area,  .26  square  inch. 

Grauged  length,  3". 

For  endurance  test  see  present  Keport,  page  274. 


Applied 

loads  per 

square 

Inch. 


Pounds. 
1,000 
6,000 
10,000 
20,000 
80,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
64,000 
68,000 
72,000 
76,000 
80,000 
84,000 
88,000 
91,280 
0 


In  gauged  length. 


Elonga- 
tion. 


Irich. 

0. 

.0004 
.0009 
.0020 
.0080 
.0041 
.0045 
.0047 
.0051 
.0053 
.0058 
.0064 
.0070 
.0080 
.0091 
.0120 
.0169 
.0240 
.0800 
.0365 
.0448 
.0605 
.0690 
.0780 
.0972 
.1470 
.21 
.28 


Set. 


Inch. 

0. 

0. 


.0001 


.0009 


.0062 


.0871 


Remarks. 


Initial  load. 


Elastic  limit. 


.70 


!  Tensile  strength. 
!  =  28.3  per  cent 


Elongation  of  inch  sections:  ".13,  ".19,  ".38". 

Diameter  at  fracture,  ".40;  area,  .1257  square  inch. 

Contraction  of  area,  49.7  per  cent. 

Fractured  l".l  from  the  neck.     Appearance,  tine  silky,  cup-shaped. 
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Annular  Tensile  Specimens  from  Ruptured  Endurance  Shafts. 

The  marks  give  the  test  number  of  the  endui-ance  shaft,  also  the  fig- 
ures and  letters  which  were  employed  to  identify  the  grade  and  treat- 
ment of  the  metal. 


-   l"^ 


No.  7588. 

Bethlehem  Steel,  Nickel.     Annealed. 

Specimen  from  end  of  shaft. 

Marks,  280,  7  X  1  S. 

-n-  ^^i.^„„    (  exterior,  1". 

^^*™^^^^' 1  interior,  ".90. 

Sectional  area,  .149  sciuare  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  57s. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Founds. 
1,000 
5,000 

Inch. 

0. 

0. 

Inch. 
0. 

Initial  load. 
|E]HMtic  limit. 

Tensile  strength. 

10,000             .0001 
20,000              .0001 
30,000              .0008 
86,000    •          -0010 

40.000 
45,000 
50.000 

.0011 

.0012 

.0014 

r      .0016 

0. 
0. 
0. 

^.000     ^        ^^ 

54.000 
55.000 
56,000 
57.000 
68,000 
59,000 

.0135 
.0149 
.0156 
.0169 
.0180 
.0200 

60,000 

.0209 

65,000              .0291 

70,000 

86,440 

.0891 

.0365 

1 

Elongation  of  inch  section:  ".36. 
Exterior  diameter  at  fracture,  ".80. 
Appearance  of  f lucture,  silky. 
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No.  7689. 

Bethlehem  Steel,  Nickel.     Annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  280,  7X1  S. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1896,  page  678. 


Applied 

loads  per 

square 

Inch. 

1 

Pound*. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 

0. 
.0001 
.0004 
.0009 
.0010 
.0011 
.0013 
.0014 
.0016 
.0017 
.0020 
.0021 
.0091 
.0130 
.0148 
.0156 
.0177 
.0183 
.0191 
.0208 
.0230 
.0248 
.0330 

Set. 

Inch. 
0. 

InitUl  load. 
Tensile  strength. 

0. 
0. 

.6669 

52,000 

58,000 

54,000 

56,000 

56,000 

57.000 

58,000    ^ 

59,000 

60,000 

66,000 

70,000 

fa,22D 

.0156 

.0222 

.0161 

.0430 

Elongation  of  inch  section:  ".33. 
Exterior  diameter  at  fracture,  ".80. 
Appearance  of  fracture,  silky. 
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No.  7590. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 
Specimen  from  end  of  shaft. 
Marks,  281,  7x1  HS. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  579. 


Applied 

looasper 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 

1,000 

5.000 

10,000 

20,000 

ao,ooo 

85,000 
40,000 
45,000 
50,000 
55,000 
60,000 
61,000 

Inch. 

0. 

0. 

.0001 
.0005 
.0009 
.0011 
.0012 
.0013 
.0014 
.0016 
.0018 
.0027 

Inch. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

0. 

0. 

0. 

62,000    1          -0059 

63,000 
64,000 
65,000 
66,000 
68.000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
94,770 

.0120 
.0140 
.0153 
.0161 
.0180 
.0210 
.0241 
.0270 
.0808 
.0841 
.0698 

.0128 

.0182 

.0860 



Elongation  of  inch  section:  ".33. 
Exterior  diameter  at  fracture,  ".81. 
Appearance  of  fracture,  silky. 
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No.  7591. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  281,  7x1  HS. 

Diameter.  ]?„tri-.,;i, 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  679. 


Elongation  of  inch  section:  ".31. 
Exterior  diameter  at  fracture,  ".82. 
Appearance  of  fracture,  silky. 
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No.  7592. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 
Specimen  from  end  of  Hhaft. 
Marks,  286,  7x7  HS. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  5S9. 


Applied 

loads  per 

Hquarc 

inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounda. 
1,000 
6,000 
10.000 
20,000 
80,000 
36,000 
40,000 
45,000 
50,000 
65,000 
60,000 
63,000 
64,000 
65,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
116,510 

Inch. 

0. 

0* 
.0001 
.0006 
.0009 
.0011 
.0012 
.0013 
.0015 
.0017 
.0019 
.0021 
.0024 
.0042 
.0058 
.0071 

Inch. 
0. 

Initial  load. 
Elastic  limit. 
Tenidle  strength. 

0. 

0. 

0. 

.0086 
.0099 

.0068 

.0111 
.0132 
.0143 
.0162 

.0129 

Elongation  of  inch  section:  ".29. 
Exterior  diameter  at  fracture,  ".84. 
Appearance  of  fracture,  silky. 

H.  Doc.  335 21 
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No.  7593. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 
Specimen  from  the  middle  of  length  of  shaft. 
Marks,  285,  7  X  7  HS. 

Diameters  -!  exterior,  1". 

^^*°^®^^'^]  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  589. 


loads  per 
square 
inch. 

In  gauged  length. 

Elonga- 
tion. 

Inch. 
0. 

Remarks. 

Pmmds. 
1,000 
6,000 
10,000 
20.000 
80,000 
36,000 
40,000 
46,000 
50,000 
56,000 

iTiCh, 

0. 

0. 

.0001 
.0006 
.0009 
.0011 
.0012 
.0013 
.0016 
.0019 

Initial  load. 

Elastic  limit  about  58,000  pounds. 
Tensile  strength. 

0. 

0. 

60,000 
61,000 
62,000 
63,000 
64,000 
66,000 
68.000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
115,440 

.0027 
.0031 
.0033 
.0039 
.0046 
.0058 
.0072 
.0086 
.0096 
.0110 
.0129 
.0140 
.0169 

.0007 

.0059 

.0123 

Elongation  of  inch  section:  ".29. 
Exterior  diameter  at  fracture,  ".84. 
Appearance  of  fracture,  silky. 
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No.  7594. 

Bethlehem  Steel.     Annealed. 
Specimen  from  end  of  shaft. 
Marks,  286,7x6  8. 

Diameters  i^^*^™^'-l" 


'  i  interior,  ".90. 
Sectional  area,  .149  square  inch. 
Gauged  length,  1". 
For  endurance  test  see  Report  of  1895,  page  587. 


Applied 

loads  per 

■qoare 

Inch. 

In  gauged  length. 

RemarkH. 

£longa- 
tlon. 

Inch. 

0. 

0. 

.0001 
.0005 
.0009 
.0011 
.€012 
.0012 
.0020 
.0090  . 
.0098 
.0096 
.0106 
.0114 
.0125 
.0136 
,0147 
.0219 
.0268 
.0852 
.0480 

Set. 

Ptmnda. 
1,000 
5,000 
10,000 
20,000 
90,000 
35,000 
40,000 
41,000 
42,000 
48,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50.000 
55,000 
60,000 
65.000 
70,000 
83,890 

Inch. 
0. 

Initial  load. 
ElaaUv  limit. 

Tensile  strength. 

0. 

.0126 

.0242 

.0448 

Elongation  of  inch  section:  ''.86. 
Exterior  diameter  at  fracture,  ".81. 
Appearance  of  fracture,  silky. 
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No.  7595. 

Bethlehem  Steel.     Annealed. 

Specimen  from  middle  of  length  of  shaft. 

Marks,  286,  7x6  8. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  587. 


Applied 

loads  per 

square 

inch. 

In  Raunred  Icngrth. 

Remarks. 

Elonga- 
tion. . 

Set. 

J\mnd9. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
41,000 

Inch. 

0. 

0. 
.0001 
.0004 
.0009 
.0010 
.0011 
mi  2 

Inch. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

0. 

42,000    i          .0017 
43,000              .0019 
44,000    1          .0021 

45,000            nnsA 

46,000 
47,000 
48,000 
49,000 
50,000 
65,000 
60,000 
65,000 
70,000 
87,920 

.0032 
.0038 
.0042 
.0053 
.0060 
.0110 
.0154 
.0215 
.0297 

.0041 

.0130 

.0263 

Elongation  of  inch  section:  ".36. 
Exterior  diameter  at  fracture,  ".81. 
Appearance  of  fracture,  silky. 


TENSILE   SPECIMENS   FROM   RUPTUBED   ENDURANCE   SHAFTS.       325 

No.  7596. 

Bethlehem  Steel.     Annealed. 
Specimen  from  end  of  shaft. 
Marks,  288,  7x5  S. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  586. 


AppUed 

loaOBper 

square 

incb. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 

0. 

.0002 
.0006 
.0010 
.0011 

Set. 

Pmind9. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 

Inch. 
0. 

Initial  load. 

ElantiR  limit  about  39,000  poundH. 

Tensile  strength. 

40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47.000 
48,000 
49,000 
60,000 
55.000 
60,000 
65.000 
70,000 
74,090 

.0023 
.0131 
.0138 
.0145 
.0160 
.0179 
.0187 
.0210 
.0219 
.0231 
.0247 
.0351 
.0470 
.0644 
.1000 

.0011 

.0160 

.0227 

Elongation  of  inch  section:  ".43. 
Exterior  diameter  at  fracture,  ".78. 
Appearance  of  fracture,  silky. 
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No.  7597. 

Bethlehem  Steel.     Annealed. 

Specimen  from  middle  of  lengrth  of  shaft. 

Marks,  288,  7x5  S. 

Diametei^  J  ?^*^^.*^'\Fan 
^         '  I  mtenor,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  586. 


Applied 

looasper 

square 

Inch. 


In  gauged  length. 


Elonga- 
tion. 


P&undi. 
1,000 
6.000 
10,000 
20,000 
30,000 
85,000 


40,000 
41,000 
42,000 
4S,000 
44,000 
46.000 
46,000 
47,000 
48,000 
49^000 
60.000 
55,000 
00,000 
65,000 
70,000 
77.680 


Inch, 

0. 

0. 
.0002 
.0006 
.0009 
.0011 


.0028 
.0080 
.0088 
.0041 
.0061 
.0068 
.0067 
.0076 
.0082 
.0092 
.0103 
.0168 
.0229 
.0851 
.0528 


Set. 


Inch. 
0. 


.0011 


.0082 


Remarks. 


Initial  load. 


Elastic  limit  alxmt  39.000  lbs. 


Tensile  strength. 


Elongation  of  inch  section:  ".3 
Exterior  diameter  at  fracture, 
Appearance  of  fracture,  silky. 


.79. 


TENSILE    SPECIMENS   FROM   RUPTURED   ENDURANCE   SHAFTS.       327 

No.  7554. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Specimen  from  end  of  shaft. 

Marks,  289,  7x5  HS. 

rfc;o«.«f^^o  i  exterior,  1". 

^^^°^^^^«'1  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  .see  Report  of  1895,  page  586. 


Applied 

loads  per 

square 

iDCh. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20.000 
30,000 
85.000 
40.000 
41,000 
42,000 
43,000 
44.000 
45.000 
46.000 
47,000 
48.000 
49,000 
50,000 
55,000 
60,000 
65,000 
70.000 
76,860 

Inch. 

0. 

0. 

.0001 
.0004 
.0008 
.0010 
.0012 
.0014 
.0022 
.0086 
.0056 
.0062 
.0073 
.0082 
.0091 
.0107 
.0117 
.0182 
.0270 
.0872 
.0640 

Inch. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

0. 

.0099 

.0248 

Elongation  of  inch  section:  ".25. 
Exterior  diameter  at  fracture,  ".85. 
Appearance  of  fracture,  silky. 
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rio.  ti)i)o. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  28i),  7x5  HS. 


•>!-"•-.  {"S'j.; 


90. 
Sectional  area,  .  149  square  inch. 
Gauged  length,  1". 
For  endurance  test  see  Report  of  1S95,  page  586. 


square 
inch. 

In  guuged  length. 

Elonga- 
tion. 

Set. 

Pounds. 
l.OOO 
5,000 

Jncfi. 

0. 

0. 
.0001 
.0004 
.0008 
.0010 
-0011 
.0012 
.0015 
.OOIH 
.0029 
.0036 
.0019 
.0060 
.0070 
.0080 
.0147 
.0229 
.0329 
.0500 

Inch. 
0. 

Initiallo&d. 

10,000 

20,000 

30,000 

35,000 

40,000 
42,000 

0. 

ElaKtic  limit. 

43,000 
44,000 

45,000 
46,000 



47,000 

48,000 

49,000 
50.000 
65,000 
60,000 
65,000 

.0060 

.0203 

70,000 

78,050 

Tensile  Btrenj 

HemarkR. 


Elongation  of  inch  section:  ".27. 

Exterior  diameter  at  fracture,  ".87. 

Appearance  of  fracture,  silky.  There  were  numerous  small  cracks 
opened  in  the  exterior  surface  ".01  to  ".03  long  in  a  circumferential 
direction,  and  ".Oldb  deep.  Oblique  fracture  passing  through  three 
of  these  cracks. 
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No.  7556. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Specimen  from  end  of  shaft. 

Marks,  291,  7X3  HS. 

n;„*«^4^^^  J  exterior,  1". 

^^^^^^^' 1  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  583. 


Applied 

loads  per 

square 

Inch. 

In  ganged  length. 

""'^St           set. 

F^nds. 
1,000 
6,000 
10,000 
20.000 
80.000 
86,000 
40,000 
46,000 
60,000 
56,000 
60,000 
70,000 
80,000 
90,000 
100,000 
107,000 
106,000 
109,000 
110.000 
111,000 
112,000 
129,060 

Inch. 

0. 

0. 
.0002 
.0006 
.0009 
.0010 
.0012 
.0014 
.0015 
.0017 
.0019 
.0021 
.0024 
.0027 
.0080 

Inch. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

6. 

0. 
0. 
0. 
0. 
0. 

.0032 
.0040 
.0048 
.0064 
.0110 

Elongation  of  inch  section:  ".25. 
Exterior  diameter  at  fracture,  ".85. 
Appearance,  silky. 
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No.  7557. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 

Specimen  from  middle  of  len^h  of  shaft. 

Marks,  291,  7X3  HS. 

n;o,v.^*^^  i  exterior,  1". 

^^^^*^^1  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  583. 


looosper 
BQuaro 
Inch. 

In  gaoled  length. 

RemarkR. 

1 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

5,000 

10,000 

20,000 

80,000 

40,000 

50,000 

60,000 

70,000 

80,000 

90,000 

100,000 

108,000 

109,000 

110,000 

111,000 

112,000 

128,190 

Inch. 

0. 

0. 
.0001 
.0005 
.0008 
.0011 
.0018 
.0017 
.0020 
.0028 
.0027 
.0080 
.0082 
.0088 
.0057 
.0180 
.0166 

Inch. 
0. 

1 
Initial  load. 

Elastic  limit. 

0. 

0. 

0. 

0. 

Tensile  strength. 

Elongation  of  inch  section:  ''.22. 
Exterior  diameter  at  fracture,  ".89. 

Appearance  of  fracture,  silky.     Small  cracks  opened  in  the  outside 
surface  of  the  specimen. 


TENSILE   SPECIMENS   FBOM   RUPTURED   ENDURANCE   SHAFTS.       831 

No.  7598. 

Bethlehem  Steel,  Nickel.     Oil  hardenexi  and  annealed. 
Specimen  from  end  of  shaft. 
Marks,  293,  7X2  HS. 

Diameters  \  exterior,  1". 
iJiameters,  -j  ^^^^^^^^^  r,  ^ 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  581. 


AppUed 

loads  per 

square 

Inch. 

Id  ganged  length. 

RemarkH. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
20,000 
.30,000 
36,000 
40,000 
46,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75.000 
80,000 
85,000 
90,000 

Inch. 

0. 

0. 

.0002 
.0007 
.0010 
.0011 
.0012 
.0014 
.0017 
.0018 
.0U20 
.0021 
.0U22 
.0023 
.00z4 
.0026 
.00z8 

Inch. 
0. 

Initial  load. 

0. 

0. 

0. 

Elastic  limit,  about  92,000  pounds. 

95,000 
100,000 
106,000 
110,000 
116,510 

.0052 
.0248 

.om 

.0620 

.0204 

Tensile  strength. 

Elongation  of  inch  section:  ".24. 
Exterior  diameter  at  fracture,  ".86. 
Appearance  of  fracture,  silky. 
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No.  7599. 

Bethlehem  Steel,  Nickel.     Oil  hardened  and  annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  293,  7  X  2  HS. 

Diameters  ^?^^"^^*»  ^"• 
^^*°^®^^(  interior,  ".90. 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  581. 


Applied 

loadaper 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Ptmnds. 
1,000 
6,000 
10,000 
20,000 
30.000 
36,000 
40,000 
46,000 
60,000 
66,000 
60,000 
66,000 
70,000 
76,000 
80,000 
86,000 
90,000 
91,000 
92,000 
93,000 
94,000 
96,000 
100,000 
106,000 
110,000 
116,110 

Inch. 

0. 

0. 
.0002 
.0006 
.0009 
.0010 
.0011 
.0013 
.0016 
.0018 
.0019 
.0021 
.0022 
.0023 
.0026 
.0027 
.0030 
.0066 
.0061 
.0067 
.0071 
.0090 
.0242 
.0390 
.0660 

Inch, 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0, 

0. 

.0001 

.0203 

Elongation  of  inch  section:  ".25. 
Exterior  diameter  at  fracture,  ".86. 

Appearance  of  fracture,  silky.     A  few  minute  circumferential  ci*acks 
on  the  exterior  surface  opened  near  the  place  of  rupture. 


TENSILE   SPECIMENS   FROM   RUPTURED   ENDURANCE   SHAJ^rTS.       883 

No.  7568. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 

Specimen  from  end  of  shaft. 

Marks,  295,  7x8  HS. 

Vki^^^^^^    J  exterior,  1". 
Diameters, -jj^^^^^'.^(^ 

Sectional  area,  .149  square  inch. 

Gauged  length,  1". 

For  endurance  test  see  Report  of  1895,  pajje  591. 


Applied 

loads  per 

square 

Tnch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds, 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
60,000 
60,000 
70,000 
80,000 
85,000 
90,000 
94,000 
95,000 
96,000 
97,000 
98,000 
99.000 
100.000 
101,000 
102,000 
103,000 
104,000 
105,000 
106,000 
107.000 
108,000 
109,000 
110,000 
111.000 
112.000 
168,120 

Inch, 

0. 

.0001 
.0002 
.0007 
.0010 
.0012 
.0017 

Inch. 
0, 

Initial  load. 
Eaastic  limit. 

Tensile  strength. 

0. 

.0019 

.0021 
.0025 
.0027 
.0029 
.0032 
.0037 
.0040 
.0042 
.0046 
.0048 
.0061 
.0064 
.0068 
.0060 
.0062 
.0067 
.00^/0 
.0072 
.0U'/8 
.0082 
.0085 
.0090 
.0093 

6. 

0. 
.0001 

.0016 

.0049 

Elongation  of  inch  section:  ".17. 

Exterior  diameter  at  fracture,  ".90. 

Appearance  of  fracture,  fine  granular,  in  part  silky. 
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No.  7559. 

Bethlehem  Steel.     Oil  hardened  and  annealed. 
Specimen  from  middle  of  length  of  shaft. 
Marks,  295,  7X8  HS. 

Sectional  area,  .149  square  inch. 

Grauged  length,  1". 

For  endurance  test  see  Report  of  1895,  page  591. 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundi. 
1,000 
5,000 
10,000 
20,000 
80,000 
40,000 
60,000 
60,000 
70,000 
80,000 
85,000 
90,000 
94,000 
95,000 
96,000 
97,000 
98,000 
99,000 
100,000 
101,000 
102,000 
108,000 
104.000 
105,000 
106,000 
107,000 
108,000 
109,000 
110,000 
111,000 
112,000 
122,150 

Inch. 

0. 

.0001 
.0002 
.0007 
.0009 
.0012 
.0017 
.0019 
.0021 
.0024 
.0028 
.0080 
.0081 
.0082 
.0088 
.0040 
.0042 
.0046 
.0048 
.0051 
.0058 
.0057 
.0060 
.0062 
.0065 
.0070 
.0078 
.0077 
.0080 
.0084 
.0090 

Inch. 
0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

0. 

.0001 

.0001 

.0012 

Elon^tion  of  inch  section:  ".02. 

Exterior  diameter  at  fracture,  1". 

Appearance  of  fracture,  granular,  irregular  coarse,  small  piece 
detached.  Numerous  very  fine  cracfas  opened  in  exterior  surface  of 
specimen.  Some  of  the  larger  cracks  penetrated  from  ".005  to  ".04 
below  the  exterior  cylindrical  surface. 


TENSILE  SPECIMENS   FROM   BUPTUBl'D   ENDUBANCE   SHAFTS. 
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BRICKS. 


ABSORPTION  OF  WATER  AND  ELASTIC  PROPERTIES. 


DRY  PRESSED  AND  iMUD  BRICKS  FROM  DIFFERENT 
PARTS  OF  A  DOWN-DRAFT  KILN. 

The  two  kinds  of  bricks,  made  from  the  same  clay,  were  burned  side  by  side  in 
the  respective  parts  of  the  kiln  mentione<l. 


MATERIAL  FURNISHED  BY  MESSRS.  FISKE  &  CO.,  BOSTON,  MASS. 


H.  Doc.  335 22  3:37 


ABSORPTION  TESTS  OF  BRICKS. 


DRY  PRESSED  AND  MUD  BRICKS,  FROM  DIFFERENT  PARTS  OF  THE 

SAME  KILN,  IMMERSED  IN  WATER  DIFFERENT  INTERVALS  OF 

TIME  AND  THE  TOTAL  AND  SUCCESSIVE  AMOUNTS 

OF  WATER  ABSORBED  DETERMINED. 


339 


BBT0K8. 

Dry  Pressed  Briok,  Top  of  Kiln. 
Dimensions:  8".  18 X  4".03 X  2".42. 


341 


Time  In  water. 

Weight 

Gain. 

Gain  by 
weight. 

Percent. 

Saeeeadve 
gain. 

Hours. 

Ming. 

Sect. 
0 
2 
4 
6 
8 
10 
12 
14 
20 

Qrains. 
40,960 
41,970 
42,660 
43,040 
43,430 
43,720 
43,980 
44,060 
44,100 
44,140 
44,220 
44,320 
44,460 
44,500 
44,560 
44,570 
44,630 
44,680 
44,710 

Qrains. 

Qrains. 

1,020 
1,610 
2,090 
2,480 
2,770 
2,980 
3,100 
8,160 
8,190 
8,270 
3,370 
3,510 
3,650 
8,610 
8,620 
8.680 
8,730 
8,760 

2.5 
8.9 
6.1 
6.1 
6.8 
7.3 
7.6 
7.7 
7.8 
8.0 
8.2 
8.6 
8.7 
8.8 
8.8 
9.0 
9.1 
9.2 

1,020 

590 

480 

390 

290 

210 

120 

60 

40 

80 

100 

140 

40 

60 

10 

60 

50 

30 

2" 

19 
27 
67 
96 
120 
144 
168 

1 
10 

Dry  Pressed  Brick,  One-third  Down. 
Dimensions:  8".30X3".92x2".47. 


Time  in  water. 

Weight. 

Gain. 

Gain  by 
weight. 

Successive 
gain. 

Hours. 

Mins. 

Sees. 
0 
2 
4 
6 
8 
10 
-    12 
14 
20 

Qrains. 
39,830 
40,985 
41,710 
42.225 
42,640 
42,980 
43,200 
43,340 
43,440 
43,580 
43,670 
43,820 
43,810 
43,930 
48,980 
44,060 
44,070 
44,110 
44,160 
44,210 

Qrains. 

Percent. 

Grains. 

1,165 
1,880 
2:396 
2.810 
3,160 
3,370 
3,510 
8,610 
3,750 
8,840 
3,990 
3,980 
4,100 
4,160 
4,220 
4,240 
4,280 
4,330 
4,380 

2.9 
4.7 
6.0 
7.1 
7.9 
8.5 
8.8 
9.1 
9.4 
9.6 
10.0 
10.0 
10.8 
10.4 
10.6 
10.6 
10.7 
10.9 
11.0 

1,165 

726 

515 

415 

340 

220 

140 

100 

140 

90 

150 

-10 

110 

60 

70 

20 

40 

50 

50 

2" 

4 
20 
28 
68 
96 
120 
144 
168 

1 
10 

342 


BRICKS. 


Dry  Pressed  Brick,  Two-thirds  Down. 
Dimensions:  8".42X4"X2".50. 


Time  in  water. 


Hours. 

Mim. 

Sen. 
0 

2 

4 

6 

{    

8 

10 

12 

14 

16 

18 

20 

i" 

8 
23 
71 
96 
120 
144 

10 

168 

Weight 


Oraina. 
41,800 
43,106 
43,870 
44.495 
44.970 
45,360 
46,655 
45.840 
45.906 
45.915 
45,915 
45.950 
45,980 
46,080 
46.170 
46,290 
46,310 
46,340 
46.380 
46,450 


Gain. 


Qrain*. 


1,305 
2,070 
2,695 
8,170 
3,560 
3,856 
4,010 
4,lftS 
4,115 
4.116 
4,160 
4,180 
4,280 
4,370 
4,490 
4.610 
4.640 
4,680 
4,(>50 


Gain  by 
weight. 


Percent. 


Succe88ive 
I      gain. 


Oraint. 


3.1 
5.0 
6.4 
7.6 
8.5 
9.2 
9.7 
9.8 
9.8 
9.8 
9.9 
10.0 
10.2 
10.5 
10.7 
10.8 
10.8 
11.0 
11.1 


1,305 
766 
625 
475 
390 
295 
185 
65 
10 
0 
36 
30 
100 
90 
120 
20 
SO 
40 
70 


Dry  Pressed  Brick  from  Bottom  of  Kiln. 
Dimensions:  8".50x4".05x2".53. 


Time  In  water. 


Weight. 


Hours. 


3 
16 
26 
42 
66 
114 
120 
144 
168 


Mine. 


Sees. 
0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
30 


Qrains. 
40.500 
41,935 
42,880 
43,710 
44,390 
44,950 
46,460 
46,780 
46,005 
46, 110 
46,110 
46. 115 
46.130 
46,130 
46,130 
46,150 
46,215 
46,260 
46,370 
46.440 
46,620 
46,630 
46,530 
46,580 


Gain. 


Gain  by 
weight. 


Grains.    I    Per  cent. 


Succeaslve 
gain. 


Grains. 


1,435 
2,380 
3.210 
3,890 
4,460 
4,950 
5,280 
5,606 
6,610 
6.610 
5,616 
5,630 
5,630 
5,630 
5,650 
5,715 
6,760 
5,870 
5,940 
6.020 
6,030 
6,030 
6,060 


3.5 
5.9 
7.9 
9.6 
11.0 
12.2 
13.0 
13.6 
13.8 
13.8 
13.9 
13.9 
13.9 
13.9 
14.0 
14.1 
14.2 
14.5 
14.7 
14.9 
14.9 
14.9 
15.0 


1.435 

945 

830 

080 

560 

500 

830 

225 

105 

0 

5 

15 

0 

0 

20 

65 

45 

110 

70 

80 

10 

0 

50 


BRICKS. 


343 


Mur>  Brick,  Top  of  Kiln. 
Dimensions:  8". 05 X  8". 96 X  2".40. 


Time  in  water. 


Houn,^  Mins.  \   Sees. 
0 

4 

12 

2* 

4 

5 
45 

1      

sS  i:::;:::: 

?2 

96 

120 

144 

168 

Weight. 


Orains. 
43,990 
44.030 
44,090 
44,030 
44,040 
44,050 
44,060 
44,090 
44.090 
44.230 
44,320 
44,400 
44,480 
44,670 
44,660 


Qoin. 


Qrains. 


40 

40 

40 

50 

60 

70 

100 

100 

240 

330 

410 

490 

580 

670 


Gain  by     Succeradve 
weight.    I      gain. 


Per  cent,        OraiiM. 


U.l 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.5 
0.8 
0.9 
1.1 
1.8 
1.6 


40 
0 
0 
10 
10 
10 
30 
0 
140 
90 
80 
80 
90 
90 


Mud  Brick,  One-Fourth  Down. 
Dimensions:  8".10X3".98x2".38. 


Time  in  water. 

Weight. 

Gain. 

Gain  by 
weight. 

Successive 
gain. 

Hours. 

Mins. 

Sees. 
0 
2 
4 
8 
12 
20 



Grains. 
42,290 
42,450 
42,490 
42,530 
42,550 
42,570 
42.600 
^       42.660 
42,730 
42,850 
43,020 
43,490 
48,670 
43,820 
48.920  . 
44.280 
44.360 
44.410 
44,460 
44,490 
44,530 

Orains. 

Per  cent. 

Orains. 

ieo 

•200 

240 

260 

280 

310 

370 

440 

660 

730 

1,200 

1,380 

1,530 

1,630 

1,990 

2,070 

2,120 

2, 170 

2,200 

2,240 

0.4 
0.5 
0.6 
0.6 
0.7 
0.7 
0.9 
1.0 
1.3 
1.7 
2.3 
3.3 
3.6 
3.9 
4.7 
4.9 
5.0 
5.1 
5.2 
5.3 

160 
40 
40 
20 
20 
30 
60 
70 
120 
170 

i" 

3 

4 

5 

6 

45 

72 

96 

120 

144 

168 

1 
5 
10 
30 

470 

IHO 

150 

100 
360 
80 
50 
50 
30 
40 



.... 
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Mud  Brick,  Two-thirds  Down. 
Dimensions:  8".42X4".08X2".52. 


Time  in  water. 

Weight. 

Hours. 

Mins. 

Sees. 
0 
2 
4 
6 
8 
10 
12 
14 
20 
30 

Grains. 
45,020 
45,280 

45,420 
45,560 

1  . 

45,680 

i:. .:.:.. 

45,780 

46,870 
45,960 

46,060 
46,150 
46,270 
46,440 
46.580 
46.700 
46,810 
46,940 
47,110 
47,290 
47,450 
47,600 
47,690 
47,»40 
47,890 

1 



i"' 

2 
4 
7 
47 
72 
% 
120 
144 
168 

1 

2 

3 

4 

5 

7 

10 

15 

20 

25 

30 

45 

47, 910 

47,980 

48,040 

48,300 

48,380 

48, 430    , 

48,530 

48, 610 

48,630 

Gain. 

Gain  by 

Successive 

weight. 

gain. 

Grains. 

Percent. 

Grains. 

260 

0.6 

260 

400 

0.9 

140 

540 

1.2 

140 

060 

1.5 

120 

760 

1.7 

100 

850 

1.9 

«) 

940 

2.1 

90 

1,080 

2.3 

90 

1,130 

2.5 

100 

1,250 

2.8 

120 

1,420 

3.2 

170 

1.560 

3.5 

140 

1,680 

3.7 

120 

1,790 

4.0 

110 

1,920 

4.3 

130 

2,090 

4.6 

170 

2,270 

5.0 

180 

2,430 

5.4 

160 

2,580 

5.7 

150 

2,670 

5.9 

90 

2,820 

6.3 

150 

2,870 

6.4 

50 

2.890 

6.4 

20 

2,960 

6.6 

70 

3,020 

6.7 

60 

3,280 

7.3 

260 

3,360 

7.5 

80 

3,410 

7.6 

50 

3,510 

7.8 

100 

3,690 

8.0 

KO 

3,610 

8.0 

20 

Mud  Brick,  Bottom  of  Kilx. 
Diiiiensions:  8".53X4'M6x2".50. 


Time  in  wat(?r. 


Hours. 

Mins. 

........ 

........ 

i'" 

2 

4 



6 

8 

10 

25 

1 

2 
17 
•25 
61 
S8 
% 
120 
144 


Srrs. 
0 
2 
4 
6 
8 
10 
12 
14 
20 


•Weight. 

Gain. 

Gain  by 
weight. 

Successive 
gain. 

Grain*. 

Grains. 

Per  ccnL 

Grains. 

44,700 

45,120 

420 

0.9 

420 

45,440 

740 

1.7 

3-20 

45,670 

970 

2.2 

•230 

45,880 

1,180 

2.6 

210 

46,060 

1,360 

3.0 

180 

46, 220 

1,520 

8.4 

160 

46,400 

1,700 

3.8 

180 

46,000 

1,900 

4.3 

200 

46, 890 

2.190 

4.9 

290 

47,370 

2,670 

6.0 

480 

47,710 

3,010 

6.7 

340 

47,  940 

3,240 

7.2 

230 

48,160 

3,460 

7.7 

•220 

48.320 

3,020 

8.1 

160 

48,540 

3,840 

8.6 

220 

48,600 

3,900 

8.7 

60 

48,630 

3.980 

8.8 

30 

48,910 

4,210 

9.4 

280 

49,050 

4,350 

y.7 

140 

49, 150 

4,450 

10.0 

100 

49,210 

4,510 

10.1 

60 

49,250 

4,550 

10.2 

40 

49,310 

4,610 

10.3 

60 

49,400 

4,700 

10.5 

90 

49.430 

4.7ilO 

10.6 

_ 

:)0 

BRICKS. 

Eijisnc  Properties  op  Bricks. 
Ends  of  bricks  were  ground  flat  on  a  rubbing  bed. 


845 


No.  1458. 

DRY  PRESSED  BRICK. 


Shade  11,  from  top  of  kiln. 

Total  weight,  5  pounds  14i  ounces =128.3  pounds  per  cubic  foot. 

Length,  8'M3.* 

Sectional  area,  2".43x4".00=9.72  square  inches. 

Grauged  length,  5". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Totol. 

Per  square 
Inch. 

Comprefl- 
sion. 

Set. 

Poundt. 

972 

1,944 

3,888 

5,832 

7,776 

9,720 

11,664 

13,606 

15,552 

17,496 

19,440 

21,S84 

23,328 

25,272 

27,216 

29,160 

31,104 
33,048 
34,992 
86,936 
38,880 
40,824 
42,768 
44,712 
46,656 
48,600 
50,544 
52,488 
54,432 
56.376 
58,320 
60,264 
62.208 
64,152 
66,096 
68,040 
69,984 
71,928 
73,872 
75,816 
77,760 

100,100 

PouiuU. 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,200 

2.400 

2,600 

2,800 

3,000 

3,200 
3,400 
3,600 
3,800 
4,000 
4,200 
4,400 
4,600 
4,800 
5,000 
5,200 
5.400 
5,600 
5,800 
6,000 
6,200 
6,400 
6,600 
6,800 
7,000 
7,200 
7,400 
7,600 
7,800 
8,000 

10.300 

Inch. 

0. 

.0003 
.0007 
.0012 
.0015 
.0017 
.0020 
.0024 
.0028 
.0030 
.0083 
.0036 
.0039 
.0042 
.0045 
.0049 

.0051 
.0054 
.0057 
.0060 
.0063 
.0066 
.0069 
.0072 
.0075 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

£(1.000-3,000)  =3,125,000  pounds  per  square 
inch. 

E  (1,000-8,000)  =3.271,000   pounds   per  square 

inch. 
Ultimate  strength. 

0. 

0. 

0. 

.0078 
.0081 
.0064 

.0001 

.0087 
.0090 
.0093 
.0097 
.0100 
.0104 
.0107 
.0110 
.0113 
.0117 
.0120 
.0124 
.0127 

.0001 

.0002 

.0008 
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BRICKS. 
No.  1459. 

DRT   PRESSED   BRICK. 


Shade  7,  from  ^  down  the  kiln. 

Total  weight,  5  pounds  15f  ounces =127. 2  pounds  per  cubic  foot. 

Length,  8". 23. 

Sectional  area,  2". 46x3". 98=9. 79  square  inches. 

Gauged  length,  5". 


Applied  loads. 

In  gauged  lengths. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 
979 
1,958 
3,916 
5,874 
7,832 
9,790 
11,748 
13,706 
15,664 
17,622 
19,580 
21,538 
23,496 
25,464 
27,412 
29,870 

31.328 
33,286 
35,244 
37.202 
39,160 
41,118 
43, 076 
45,084 
46,992 
48,950 
50,908 
52,866 
64,824 
56,782 
58,740 
60.698 
62,656 
64,614 
66,572 
68,530 
70,488 
72,446 
74,404 
76,362 
78,320 

85,600 

Pounds. 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,200 

2,400 

2,600 

2,800 

3,000 

3,200 
3,400 
3,600 
3,800 
4,000 
4,200 
4,400 
4,600 
4,800 
5,000 
5,200 
5,400 
6,600 
5,800 
6,000 
6,200 
6,400 
6,600 
6,800 
7,(00 
7,200 
7,400 
7,600 
7,800 
8,000 

8,740 

Inch. 

0. 
.0002 
.0004 
.0007 
.0010 
.0012 
.0015 
.0018 
.0021 
.0025 
.0029 
.0032 
.0036 
.0039 
.0042 
.0046 

.0048 
.0052 
.0055 
.0058 
.0061 
.0066 
.0069 
.0073 
.0076 
.0080 
.0083 
.0086 
.0091 
.0094 
.0097 
.0101 
.0106 
.0109 
.0113 
.0116 
.0121 
.0126 
.0129 
.0134 
.0140 

Inch. 
0. 

Initial  load. 

.0001 

1 
1 

.0001 

1 

1 

.0002 

E  (1,000-3,000)  =3,125,000  pounds  per  square 
inch. 

.0002 

.0002 

( 

.0004 

E  (1,000-8,000)  =2.846,000  pounds  per  square 

inch. 
Ultimate  strength. 

.0006 

.0006 

BRIOES. 

No.  1460. 
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DRY   PRESSED  BRICK. 


Shade  2,  from  ^  down  the  kiln. 

Total  weight,  5  pounds  13i  ounces =124. 8  pounds  per  cubic  foot. 

Length,  8".  24. 

Sectional  area,  2".48X8".95=:9.8  square  inches. 

Gauged  length,  5". 


Applied  loadH. 


Total. 


Pounds. 

980 

1,960 

3,920 


Per  sauare 
inch. 


Pounds. 
100 
200 
400 


5,880 

600 

7,840 

800 

9,800 

1,000 

11,760 

1,200 

13,720 

1,400 

15,680 

1,600 

17,640 

1,800 

19,600 

2,000 

21,560 

2,200 

23,520 

2,400 

25,480 

2,600 

27,440 

2,800 

29,400 

3,000 

31,360 

3,200 

33,320 

3,400 

35,280 

3,600 

37,240 

3.800 

39,200 

4,000 

41,160 

4,200 

43,120 

-4,400 

45,080 

4,600 

47,040 

4,800 

49,000 

5,000 

50,960 

5,200 

52,920 

5,400 

54,880 

6,600 

56,840 

5,800 

58,200 

5,940 

In  gauged  length. 


Compres- 
sion. 


0. 
.0003 
.0008 
.0012 
.0017 
.0022 
.0026 
.0031 
.0086 
.0041 
.0046 
.0050 
.0055 
.0059 
.0064 
.0068 

.0072 
.0077 
.0082 
.0086 
.0091 
.0096 
.0101 
.0107 
.0112 
.0118 


.0124 
.0130 


.0145 


Set. 


Inch. 
0. 
0. 
0. 
0. 
0. 
.0001 


Remarks. 


Initial  load. 


.0001 


.0002 


.0004 


.0005 


E  (1.000-3,000)  =2,222.000  pounds  per  square 
inch. 


E   (1,000-5,000)  ==2,174,000  pounds  per  square 
inch. 


Ultimate  strength. 
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BBICKS. 
No.  1461. 


DBT  DRESSED  BRICK. 


Shade  06,  from  bottom  of  kiln. 

Total  weight,  6  pounds  12  ounces =119. 8  pounds*  per  cubic  foot. 

Len^h,  8".26. 

Sectional  area,  2".51x4".04=10.14  square  inches. 

Gauged  length,  6", 


Applied  loads.              In  gauged  length. 

1 

Reroarktt. 

Total. 

Per  square 
inch. 

Comprefl- 
slon. 

Set. 

Pounds. 
1,014 
2,028 
4,066 
6,084 
8,112 
10,140 
12.168 
14,196 
16,224 
18,282 

Pounds.          Inch. 

100           0. 

200             .0006 

400              .0016 

600              .0025 

800              .0034 

1.000    ,          .0041 

1.200    1          .0061 

1,400    1          .0060 

1,600               .0067 

Inch. 

0. 

0. 

0. 

0. 
.0001 
,0002 

iQitial  load. 

£(1,000-3,000)  »l,2a').0Q0  poundH   per  square 
Inch. 

Ultimate  strength. 

1,800 

.0076 

20,280 
22,a08 

2,000 
2,200 

.0084 
.0093 
.0101 
.0111 
.0121 
.0131 

.0146 
.0165 

.0006 

24,336 
26,364 
28,392 
30,420 

32,448 
34.476 
36,300 

2,400 
2.600 
2,800 
3,000    . 

3,200 
3,400 
3,480 

.0009 

.0015 

BBiCKS. 

No.  1462. 
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MUD   BRICK. 


Shade  8,  from  top  of  kiln. 

Total  weight,  6  pounds  1  ounce =144. 3  poundn  per  cubic  foot. 

Lenffth,  7".  89. 

Sectional  area,  2".36X3".90=9.20  square  inches. 

Gauged  length,  6". 


Applied  loads. 


Total. 


Per  square 
Inen. 


In  gauged  length. 


Compres- 
idon. 


Remarks. 


Pounds. 

920 

1,840 

8,680 

5,620 

7,360 

9,200 

11,040 

12,880 

14,720 

16,560 

18,400 

20,240 

22,080 

28,920 

25,760 

27,600 

29,440 
31,280 
33,120 
34,960 
36,800 
38,640 
40,480 
42,320 
44,160 
46,000 
49,680 
58,860 
55,200 
58,880 
62,660 
64,400 
68,080 
71,760 
73,600 
77,280 
80,960 
82,800 
86.480 
90.160 
92,000 

176,400 


Pounds. 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,200 

2,400 

2.600 

2,800 

3.000 

3,200 
3,400 
3.600 
3,800 
4,000 
4,200 
4,400 
4.600 
4,800 
5,000 
5,400 
5.800 
6,000 
6,400 
6,800 
7,000 
7,400 
7,800 
8,000 
8,400 
8.800 
9,000 
9.400 
9,800 
10.000 

19,170 


Ijich. 

0. 

0. 
.0001 
.0002 
.0003 
.0004 
.0005 
.0007 
.0008 
.0009 
.0010 
.0011 
.0012 
.0013 
.0014 
.0015 

.0016 
.0017 
.0018 
.0019 
.0020 
.0021 
.0023 
.0024 
.0025 
.0026 
.0029 
.0080 
.0081 
.0034 
.0086 
.0088 
.0040 
.0042 
.0044 
.0046 
.0049 
.0051 
.0053 
.0056 
.0057 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 


Initial  load. 


.0001 


E  (1,000-3,000) 
Inch. 


::  10.000,000  pounds  per  square 


.0001 


.0001 


.0001 


.0001 


.0001 


.0001 

.'6661' 


£  (1 .000-10.000) ^8,654,000  pounds  per  sciuare 

inch. 
Ultimate  strength. 
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BRICKS. 

No.  1463. 


MUD  BRICK. 


Shade  6,  from  i  down  the  kiln. 

Total  weight,  6  pounds=136.4  pounds  per  cubic  foot. 

Len^h,  8".04. 

Sectional  area,  2".35X 3". 99=9.38  square  inches. 

Gauged  length,  5". 


Applied  loads. 


Total. 


Pounds. 

1,876 

8,752 

6,628 

7,504 

9,380 

11,286 

13,132 

15,008 

16,884 

18,760 

22,512 

26,264 

28,140 

SI, 892 
85,644 
87,520 
41,272 
45,024 
46,900 
50,652 
54,404 
56,280 

60,032 
68,784 
147,000 


Per  square 
inch. 


100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,400 

2,800 

8,000 

3,400 
8,800 
4,000 
4,400 
4,800 
5,000 
5,400 
5,800 
6,000 

6,400 
6,800 
15,670 


In  f^uged  length. 


Compres- 
sion. 


Inch. 

0. 

.0001 
.0003 
.0004 
.0005 
.0006 
.0007 
.0009 
.0010 
.0011 
.0012 
.0015 
.0017 
.0019 

.0021 
.0024 
.0026 
.0028 
.0031 
.0083 
.0035 
.0088 
.0040 

.0042 


Set. 


Inch, 

0. 

0. 

0. 

0. 

0. 

0. 


I      0. 


.0001 


.0001 


Remarks. 


Initial  load. 


£  (1,000-8.000)=' 7,692,000  (tounds  per  fwiiiarc 
inch. 


£  (1,000-6,000)  =»7,576,000  iMHinds  per  square 

Inch. 
Snapping  sounds. 
Spawled  at  lower  edge, 
ultimate  strength. 


BRICKS. 

No.  1464. 
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MUD  BRICK. 


Shade  2,  from  i  down  the  kiln. 

Total  weight,  6  pounds  4i  ounces =130.6  pounds  per  cubic  foot. 

Length,  8".30. 

Sectional  area,  2".48 X 4".07= 10.09  square  inches. 

Gauged  length,  6". 


Applied  loadfl. 


iy>w.    !i'",„X" 


Pimnds. 

1,009 

2,018 

4,086 

6,054 

8,072 

10,090 

12,106 

14,126 

16, 144 

18, 162 

20,180 

24,216 

28,262 

30.270 

34,306 
38,342 
40,360 
44,396 
48,432 
60,450 
64,486 
58,522 
60,540 
64,576 
68,612 
70,630 

105,100 


100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,400 

2,800 

3,000 

3,400 
3,800 
4,000 
4,400 
4.800 
5.000 
5,400 
5,800 
6,000 
6,400 
6,800 
7,000 

10,420 


In  gauged  length. 


Compre»- 
8ion. 


Inch, 

0. 

0. 

.0001 
.0003 
.0006 
.0008 


Set. 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 


.0012 

.0014 

.0016 
.0019 
■  0022 

""'.666i'" 

.0027 

.0029 
.0034 

.6662 

.0039 

,.0042 
.0045 

.0002 

.0060 

.0052 
.0056 

.0002 

.0061 

.0068 
.0068 

.0002 

.00^ 

.0076 

.0002 

Remarks. 


Initial  load. 


£  (1,000-^,000)  r~.  5,263,000  pounds  per  sqimre 

inch. 
Snapping  sounds. 
Comer  spawled  off. 


E  (1.000-7,000)  =  4,545,000  pounds  per  square 

inch. 
Ultimate  strength. 
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BRICKS. 

No.  1465. 

MUD   BRICK. 


Shade  03,  from  bottom  of  kiln. 

Total  weight,  6  pounds  4i  ounces  =  125.4  pounds  per  cubic  foot. 

Length,  8".  26. 

Sectional  area:  2".51  X  4". 15=  10.42  square  inches. 

Gauged  length,  5". 


In  gauged  length. 

RemarkM. 

Total. 

Per  square 
Inch. 

Compres- 
8ion. 

Set. 

Pounds. 

1,042 

2,084 

4,168 

6,262 

8,336 

10,420 

12,504 

14,588 

16,672 

18,766 

.    20,840 

26,008 

29,176 

81,260 

35,428 
39,596 
41,680 
45,848 
60,016 
52,100 
66,268 
60,436 
62,620 
66,688 
70,866 
72,940 
77,108 
81,276 
83,860 

113,300 

Pounds. 

100 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,400 

2,800 

3,000 

3,400 
3,800 
*     4,000 
4,400 
4,800 
6,000 
6,400 
5,800 
6,000 
6.400 
&800 
7,000 
7  400 
7,800 
8,000 

10,870 

Inch. 

0. 

.0001 
.0002 
.0004 
.0007 
.0009 
.0010 
.0012 
.0015 
.0017 
.0019 
.0023 
.0029 
.0081 

.0086 
.0041 
.0044 
.0049 
.0054 
.0057 
.0062 
.0068 
.0070 
.0075 
.0080 
.0084 
.0089 
.0094 
.0098 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

Initial  load. 

E  (1,000-3,000)^-4,545,000  pounds  i)er  square 
inch. 

E  (1,000-8,000)  =3,977,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 

6. 

0. 

0. 

0. 

.0001 

.0001 

BBICK8. 
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SLATE — SLABS.  OUBBS.   AKD   BOOFIKG. 

Chemical  analyMa, 


867 


Marks. 

Color. 

Silica. 

Oxide  of 
iron. 

Alumina. 

Lime. 

;Oxideof 

mag- 
nesium. 

dioxide. 

Purple 

61.75 
61.61 
70.20 
67.00 
60.12 

7.05 
6.70 
4.86 
8.97 
8.00 

18.81 
19.56 
17.65 
24.28 
25.74 

2.00 
2.88 

Trace. 

Trace. 

Trace. 

8.05 
8.85 
Trace. 
2.05 
2.76 

7.84 
5.95 
8.22 
8.48 
8.89 

Qreen 

Red 

Red 

Qreen 

Compression  Tests  of  Slabs. 


No.  of 
test. 

Marks. 

Color. 

Dimensions. 

Sec- 
tional 
area. 

Ultimate 
strength. 

Fracture. 

Height. 

Compressed 
surface. 

ToUl. 

Per 
square 
inch. 

12,011 

12,012 

12,018 
12,  OU 

12,015 
12,016 

12,017 

12,018 

12,019 

2B 

2B 

2B 
.7C 

7C 
7C 

6B 

6B 

6B 

....do.. 

....do.. 
Purple. 

....do.. 
....do.. 

Red... 

....do.. 

....do.. 

Inches. 
80.05 

90.05 

80.00 
80.05 

80.05 
80.03 

80.06 

80.06 

30.05 

IndiM. 
12.00 

11.99 

12.00 
12.01 

12.00 
12.01 

11.99 

12.00 

12.00 

Ira. 
2.02 

2.02 

1.98 
1.96 

2.00 
2.01 

1.98 

1.97 

1.96 

Sq.iM. 
24.24 

24.22 

28.76 
28.78 

24.00 
24.14 

23.14 

23.64 

28.52 

Pound: 
429,000 

168,000 

889.000 
255.800 

279,000 
840,500 

806,000 

205,000 

265,400 

PmmdB. 
17,700 

6.940 

16,870 
10,760 

11.680 
14,110 

13,220 

8,670 

11,280 

Crushed  at  one  end  and 

split  longitudinally. 
Split  along  a  false  Joint 

at  middle  of  height. 
Crushed  at  one  end. 
Crushed  at  one  end  and 

split  longitudinally. 
Do. 
Crushed  at  middle  of 

height. 
Crushed  near  end,  split 

longitudinally. 
Crushed  at  end,  split 

longitudinally. 
Crushed  at   end    and 

split  longitudinally. 

ObUoue  crack  near 

middle. 
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SLATE — SLABS,  CUBES,  AND   BOUFIKG. 

Test  No.  12020. 
C0MPBE88IOK  Tests  of  Cubes. 


Mark!. 

Color. 

How  tested. 

Dimensions. 

Sec- 
tional 
area. 

Ultimate  strength. 

Height. 

Ck>mpreased 
surface. 

Total. 

Per 
square 
inch. 

lA 
lA 
lA 
lA 
lA 
lA 

2A 
2A 
2A 
2A 
2A 
2Aa 

3A 
8A 
8A 
8A 
8A 
3A 

6A 
6A 
6A 
5A 
5A 
5A 

6A 
6A 
6A 
6A 
6A 
6A 

Purple 

On  bed 

Inches. 
8.99 
8.96 
4.00 
8.99 
4.00 
3.96 

4.10 
4.09 
4.07 
8.97 
8.99 
8.98 

4.05 
4.08 
4.09 
4.15 
4.01 
4.12 

4.00 
8.99 
8.99 
4.00 
4.00 
4.00 

4.00 
8.96 
8.97 
4.00 
4.01 
4.00 

Inches. 
4.00 
4.00 
8.97 
3.96 
8.99 
8.95 

4.00 
4.01 
4.00 
4.00 
4.00 
4.00 

3.80 
3.96 
4.02 
4.08 
4.08 
4.01 

4.00 
4.00 
4.00 
4.02 
4.00 
4.00 

4.00 
4.00 
4.00 
4.02 
4.02 
4.01 

Inches. 
4.00 
3.96 
4.00 
8.99 
8.99 
4.00 

4.01 
4.00 
4.00 
4.07 
4.06 
4.05 

3.99 
3.97 
4.01 
4.00 
4.07 
4.00 

4.00 
4.00 
4.00 
3.99 
4.00 
4.08 

4.01 
4.00 
4.01 
8.97 
3.98 
3.96 

Sq.int. 

16.00 

16.80 

15.88 

15.80 

15.92 

16.80 

16.04 
16.04 
16.00 
16.28 
16.24 
16.20 

15.16 
15.72 
16.12 
16.12 
16.40 
16.04 

16.00 
16.00 
16.00 
16.04 
16.00 
16.12 

16.04 
16.00 
16.04 
15.96 
16.00 
15.84 

Pounds. 

421,000 

440,000 

463,000 

494.000 

504,000 

432,000 

396,800 
353,000 
374,600 
409,000 
400.500 
827,000 

421,600 
465.000 
474,000 
266,000 
269,900 
269,500 

819.000 
848.800 
320.500 
227.500 
299.600 
270,000 

439,600 
882,800 
421,000 
384.000 
849.500 
809,000 

Pounds. 
26,810 
27.850 
28.580 
81,270 
81,660 
27,970 

24,680 
22,010 
28,410 
26,120 
24.660 
20,190 

27,800 
28.940 
29,400 
16.820 
16,460 
16,180 

19,940 
21,490 
20,090 
14.180 
18.780 
16,750 

27,400 
23,930 
26,250 
20,930 
21.840 
28,800 

do 

do 

do 

do 

do 

On  edge 

do 

do 

do 

Green 

do 

On  bed 

do 

do 

do 

do 

do 

On  edge 

do 

do 

do 

Red 

On  bed 

do 

do 

do 

do 

do 

do 

On  edge 

do 

do 

do 

Green 

do 

On  bed 

do 

do 

do 

do 

do 

On  edge 

do 

do 

do 

Red 

On  bed 

do 

do 

do 

do 

do 

do 

do 

Onedflre 

do 

do 

aOompreflsed  surface  not  flat. 


I 


a:     O 
3      O 
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SLATE — SLABS,  CUBKS,   AND    HOOFING. 

Test  No.  12021. 

Transverse  Tests  of  Roofing  Slates. 

Slates  supported  at  ends.  16  inches  apart,  and  loaded  at 
Slates  were  about  20  incnes  long  eacn.  * 
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the  middle. 


Marks. 

Color. 

Dimensions. 

Mazi- 

deflec- 
tion. 

Ultimate  strength. 

Fracture. 

Breadth. 

Depth. 

ToUl. 

Modulus 
of  rupture 

Purple 

Inches. 
9.90 
9.95 
9.95 

9.80 
9.90 
9.97 

9.95 
10.15 
10.00 

9.95 
9.95 
10.00 

9.95 
10.00 
9.95 

Inch. 
.29 
.28 
.23 

.80 
.26 
.24 

.26 
.26 
.28 

.29 
.24 
.28 

.26 
.27 
.27 

Inch, 
.11 
.14 
.11 

.11 
.11 
.12 

.12 
.09 
.10 

.08 
.14 
.10 

.11 
.10 
.10 

Pounds. 
827 
202 
166 

818 
279 
204 

215 
202 
808 

296 
223 
260 

278 
221 
225 

Pounds. 
9,480 
9,210 
7,670 

8,520 
10,010 
8,620 

7,670 
7,060 
9,430 

8,490 
9,840 
7,960 

9,920 
7.280 
7,440 

Oblique. 
(«) 

do 

do 

Qreen 

do 

do 

Red 

do 

do 

do 

do 

do 

Green 

do 

do 

a  Contained  a  false  joint  8  inches  eccentric,  fracture  not  affected  thereby.    Brolce  at  the  center  of 
the  span. 


Test  No.  12,C 
Transverse  Tests  of  Treads. 


Supported  at  the  ends  54  inches  apart.     Loaded  at  the  middle. 


Marks. 

Color. 

Dimensions. 

Maximum 
deflection. 

Ultimate  strength. 

Fracture. 

1  I    ..Ith. 

Depth. 

Total. 

Modulus 

of  rupture 

per  square 

Inch. 

2C 
2C 
2C 

6D 
6D 
6D 

7D 
7D 

Qreen 

Inches. 
12.00 
12.00 
12.00 

12.00 
12.01 
12.00 

12.00 
IZOl 

Inches. 

1.00 

.99 

1.06 

1.04 
1.06 
1.06 

1.06 
1.06 

Inch. 
.244 

365 
.296 

.168 
.282 
.262 

.296 
.205 

Pounds. 
1,100 
1.690 
1,650 

1,080 
1,864 
1,485 

1,666 
1.060 

Poinds. 
7,425 
11,280 
10,100 

6,480 
8,190 
9;  140 

9,580 
6,800 

do 

do 

Red 

do 

do 

Purple 

do 

360 


SLATE — SLABS,  CUBES,  AND   BOOFING. 

Details  of  Transyebse  Tests. 

green  tread,  2c,  first  sample. 


Applied  loads. 

Deflec- 
Uons. 

Remarks. 

ToUl. 

Modulus 

of  rupture 

per  square 

inch. 

Pounds. 

50 
100 
150 
200 
250 

50 
300 
360 
400 
450 

60 
600 
660 
600 
650 

50 
700 
760 
800 
850 

60 

900 

950 

1,000 

1,060 

50 
1,100 

Pounds. 

Inch. 

0. 

.012 
.024 
.036 
.048 

0. 
.060 
.072 
.084 
.097 

0. 
.109 
.120 
.132 
.146 

0. 
.159 
.170 
.182 
.194 

0. 
.207 
.218 
.230 
.244 

Initial  load. 
Ultimate  strength. 

7,425 

GREEN  TEEAD,  2C,  SECOND  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 

of  rupture 

per  square 

incn. 

Pounds. 

60 

250 

50 

450 

60 

650 

60 

850 

60 

1,060 

60 

1,250 

1,450 

1.630 

Pounds. 

Inch. 
0. 

0. 

.111 
0. 

.162 
0. 

Initial  load. 
Ultfmatc  strength. 





.214 
0. 
.263 



0. 
.310 
.366 

11,280 

SLATE SLABS,  CUBES,    AND   BOOFINQ. 

Details  of  Transtebse  Tests — Continued. 

GREEN  TR£AD,  2C,  THIRD  SAMPLE. 
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Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 
of  rupture 

Pounds. 

50 

250 

50 

450 

50 

650 

50 

850 

50 

1,060 

50 

1,250 

50 

1,450 

50 

1,650 

Pounds. 

Inch. 
0. 

.049 
0. 

.090 
0. 

.181 
0. 

.171 
0. 

.214 

Initial  load. 

Ultimate  strength.    Sustained  the  maximum  load  4  min- 
utes, then  fractured. 

.255 

.296 

10,100 

RED  TREAD,  6D,  FIRST  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 
of  rupture 

Pounds. 

50 
250 

50 
450 

50 
650 

50 
850 

50 
1,030 

Pounds. 

Inch. 
0. 

.042 
0. 

.084 
0. 

.125 
0. 

.168 
0. 

Initial  load. 
Ultimate  strength. 



6,430 

RED  TREAD,  6D,  SECOND  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 
of  rupture 

Pounds. 

50 

260 

60 

460 

50 

G50 

50 

850 

50 

1,050 

50 

1,250 

50 

1,864 

Pounds. 

Inch. 
0. 

.040 
0. 

.079 
0. 

.118 
0. 

.156 
0. 

.194 
0. 

.282 
0. 

Initial  load. 
Ultimate  strength. 

8,190 

862  SLATE — SLABS,  CUBES,  AKD   HOOPING. 

Details  of  Tbansverse  Tests — Continued. 

RED  TREAD,  6D.  THIRD  SAMPLE. 


Applied  loAd8. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 
of  rupture 

Poundt. 

50 

250 

50 

450 

50 

650 

50 

850 

60 

1,060 

60 

1,260 

50 

1,435 

Pounds. 

Inch. 
0. 

.040 
0. 

.081 
0. 

.128 

Initial  load. 
Ultimate  strength. 

.165 

.209 
0. 
.262 

9,140 

PURPLE  TREAD,  7D,  FIRST  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

ToUl. 

Modulus 

of  rupture 

per  square 

incn. 

Pounds. 

60 
260 

60 
460 

60 

Pounds. 

Inch. 
0. 
.046 

Initial  load. 
Ultimate  strength. 

.087 

660 



.127 

50 

860 

50 

1,050 

50 

.167 

.210 

1,260 

.258 

60 

1,460 
50 



.295 
0. 

1,556 

9,580 

PURPLE  TREAD,  7D,  SECOND  SAMPLE. 


Applied  loads. 

Deflec- 
tions. 

Remarks. 

Total. 

Modulus 

of  rupture 

persQuare 

incn. 

Pounds. 

60 
260 

60 
460 

60 
650 

60 
850 

50 
1,060 

Pounds. 

Inch. 
0. 

.062 
0. 

.108 
0. 

.154 
0. 

.205 
0. 

InlUal  load. 
Ultimate  ftiength. 

6,800 

MM 
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SLATE — SLABS,  CUBES,  AND   BOOFING. 

Test  No.  12023. 
C!oMPRE8sioN  Tests  of  Slabs. 
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3    4- 


GREEN   SLAB. 


Marks  2D. 

Dimensions,  12".01  X  1".96X  60". 
Sectional  area,  23.54  square  inches. 
Gauged  length,  30". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
2,354 
4,708 
9,416 
14,124 
18,832 
28,540 
47,080 
70,620 
94,160 
117,700 

190,800 

Poufids. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4,000 

5,000 

8,110 

Inch. 

0. 

.0002 
.0007 
.0012 
.0017 
.0023 
.0044 
.0065 
.0088 
.0109 

Inch. 
0. 

Initial  load. 

Opened  seam  along  cleavage  planes  near  one 

end  of  slab. 
E  (1,000-5,000) =13,953,000  iKmnds  per  square 

inch. 
Ultimate  strength. 

0. 
0. 
0. 
0. 
0. 

Seams  at  end  gradually  opened,  finally  splitting  longitudinally  the 
full  length  of  the  slab. 


OBERN   SLAB. 


Marks  2C. 

Dimensions,  12".  01 X 1".  97  X  60". 
Sectional  area,  23.66  square  inches. 
Gauged  length,  30". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 

2,866 

4,782 

9.464 

14,196 

18.928 

23,660 

47,820 

70,980 

94,640 

118,800 

219,000 

Pounds. 

100 

200 

400 

600 

.800 

1,000 

2,000 

8,000 

4,000 

6,000 

9,260 

Inch. 

0. 

.0002 
.0007 
.0012 
.0017 
.0022 
.0048 
.0064 
.008& 
.0107 

Inch. 
0. 

Initial  load. 

Opened  seam  at  one  end  along  cleavage  planes. 
£  (1,000-5,000) -14.286,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 
0. 
0. 
0. 
.0001 

Crushed  at  ends  and  split  longitudinally  from  end  to  end. 
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SLATE SLABS,  OUBES,  AND   ROOFING. 


GREEN  SLAB. 


Marks,  2C. 

Dimensions,  12"  Xl".  98X60". 
Sectional  area,  23.76  square  inches. 
Gauged  length,  30". 


Applied  loads. 

In  gauged  length. 

BemarkB. 

Total. 

PerMuare 
inch. 

Compres- 
aion. 

Set. 

Potmdg. 
2,876 
4  762 

irSO^ 

14,266 
19,006 
28,760 
47,620 
71,280 
96,040 

206,000 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4,000 

8,680 

Inch. 

0. 

.0008 
.0006 

.0014 

.0019  . 

.0028 

.0048 

.0068 

.0063 

Inch. 
0. 

Initial  load. 

Crack  opened  near  end  of  dab. 

£  a.00(M,00O)  =  16,000,000  pounds  per  Miuare 

inch. 
Ultimate  strength. 

S: 

0. 
0. 

RED  SLAB. 


Marks,  6D. 

Dimensions,  12"X2".04x60".03. 
Sectional  area,  24.48  square  inches. 
Gauged  length,  30". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

2,448 

4,896 

9,792 

14,688 

19,684 

24,480 

48,960 

78,440 

97,920 

122,400 

146,880 

171,860 

267,000 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4,000 

6,000 

6,000 

7,000 

10,910 

Inch. 

0. 
.0001 
.0004 
.0007 
.0010 
.0018 
.0080 
.0049 
.0066 
.0086 
.0106 
.0124 

Inch. 
0. 

Initial  load. 

B  (1,000-7,000)  =  16,216,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

SLATE — SLABS,  CUBES,  AND   BOOFING. 
BED  SLAB. 

Marks,  6C. 

Dimensions,  12"Xl".99x60".05. 
Sectional  area,  23.88  sqoare  inches. 
Gauged  length,  30". 
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Applied  loMlB. 

In  ganged  length. 

Remarks. 

Total. 

PersquBTe 
Inch. 

Compres- 
sion. 

Set 

Pounds. 
2,888 
4,776 
9,662 
14,828 

»12t 
28,880 

47,760 

71,640 

96,620 

119,400 

148,280 

160,000 
219,000 

Pounds. 

100 

20O 

400 

600 

800 

1,000 

2,000 

8,000 

J'SS 
6,000 

6,000 

6,280 
9,170 

Inch, 

0. 

.0001 
.0006 

.0010 
.0014 
.0020 
.0040 
.0060 
.0060 
.0101 
.0128 

Inch, 
0. 

Initial  load. 

£  (1,000-6,000)  ^14,568,000  pounds  per  square 

Inch. 
Longitudinal  seams  opened. 
Ultimate  strength. 

6. 

0. 

0. 

.0001 
.0001 
.0006 

Sustained  the  maximum  load  3  minutes  and  then  fractured  by 
crushing  at  a  place  16  inches  from  the  end  of  the  slab,  and  splitting 
longitudmally. 


BED  SLAB. 


Marks,  6C. 

Dimensions,  12"xr.96x60". 
Sectional  area,  23.40  square  inches. 
Gauged  length,  30". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set 

Pounds, 

2,840 

4,680 

9,860 

14,040 

18,720 

28,400 

46,800 

70,200 

96,600 

117,000 

186,800 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4,000 

6,000 

6,800 

Inch, 

0. 

.0002 
.0006 
.0010 
.0016 
.0019 
.0008 
.0067 
.0077 
.0106 

Inch, 
0. 

Initial  load. 

Longitudinal  seam  opened. 

£  (1,000-6,000)  »14,118,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 

0. 

.0001 
.0001 
.0001 

Crushed  at  one  end  and  split  longitudinally. 
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SLATE — SLABS,  CUBES,  AND    ROOFING. 


PURPLE  SLAB. 


Marks,  7C. 

Dimensions,  12".01X2"X60".05. 
Sectional  area,  24.02  square  inches. 
Gauged  length,  30". 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Persqiiare 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 
2,402 
4,804 
9,606 
14,412 
19,216 
24,020 
48,040 
72,060 
96,080 

229,100 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2,000 

8,000 

4,000 

9,640 

Inch. 

0. 
.0002 
.0005 

.0009 
.0018 
.0015 
.0085 
.0064 
.0072 

Inch. 
0. 

InlUal  load. 

Opened  longitudinal  crack. 

E  (1,000-4,000)  =  16,667,000  pounds  per  square 

inch. 
Ultimate  strength. 

0. 

0. 
.0002 
.0003 

PURPLE   SLAB. 


Marks,  7C. 

Dimensions,  12"  X  2".03  X  60".04. 
Sectional  area,  24.36  square  inches. 
Gauged  length,  30". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

2,436 

4,872 

9,744 

14,616 

19,488 

24,360 

48,720 

78,080 

97,440 
121,800 
237,000 

Pounds. 

100 

200 

400 

600 

800 

1,000 

2,000 

3,000 

•  4,000 
5,000 
9,730 

Inch. 

0. 
.0003 
.0007 
.0013 
.0015 
.0019 
.0085 
.0066 

.0073 
.0100 

Inch. 
0. 

Initial  load. 

E  (1,000-3,000)  =  19,855,000  pounds  per  square 
inch. 

Ultimate  ntrcngth. 

.0006 
.0005 
.0011 

.0015 
.0010 

CEMENT. 
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OEMEI^T. 
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OSXEHT. 

COMPRESSION  TESTS  OF  i-INCH  CUBES  OF  DIFFERENT  BRANDS  OF 

NEAT  CEMENT 

Alpha  Cement,  Neat. 

Water  used  in  mixing,  25  per  cent. 
Set  in  air. 


Age. 

DlmensioiiB. 

8oc- 
Uonal 
area. 

Fiwt 
crack. 

Compressive  strength. 

Height. 

Gompresaed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

7 
7 
7 
7 

Mas. 

1 

1 
1 
1 
1 

8 
8 
8 
3 

Inches. 
4.10 
4.00 
4.02 
4.06 
4.12 

4.00 
8.99 
4.06 
4.00 
4.08 

4.05 
4.07 
4.01 
4.06 

Indies. 
4.01 
4.08 
4.00 
4.02 
4.00 

4.04 
4.06 
4.02 
4.07 
8.96 

8.96 
4.01 
8.99 
4.00 

Inches. 
8.92 
8.97 
4.00 
4.00 
4.01 

4.00 
4.01 
8.97 
4.00 
4.00 

4.00 
8.96 
4.00 
8.99 

Sq.  inches, 
16.72 
16.00 
16.00 
16.08 
16.04 

16.16 
16.24 
16.96 
16.28 
16.92 

16.92 
16.88 
16.96 
16.96 

Pounds. 
87,800 
91,000 
97,000 
89,900 

101,600 

■*ii4,'666" 

101,000 

Pounds. 
89.700 
93,600 
96,900 
95,500 
102,600 

117,500 
116,000 
106,500 
128,000 
129,100 

181,100 
148,200 
128,400 
148,700 

Pounds. 
6,706 
6,850 
6  181 
6.939 
6,390 

7,271 
7;  148 
6,610 
7,666 
8,109 

8.236 
9,018 
8,046 
9,004 

Pounds. 

6,010 

7,340 

8,580 

Atlas  Cement,  Neat. 


Water  used  in  mixing,  25  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

7 
7 
7 
7 

Mos. 

1 
1 

1 
1 
1 

8 
8 
8 
8 

Inches. 
4.03 
8.99 
4.00 
4.02 
8.96 

8.97 
4.00 
4.00 
8.98 
4.00 

8.96 
8.97 
8.98 
3.96 

Inches. 
8.96 
4.10 
4.06 
8.98 
4.06 

4.06 
4.08 
4.01 
4.06 
4.06 

4.07 
4.09 
4.08 
4.08 

Inches. 
4.06 
4.09 
4.09 
4.06 
4.04 

4.08 
4.09 
4.00 
4.10 
4.00 

4.01 
3.90 
8.90 
4.00 

Sq.  inches. 
16.24 
16.77 
16.66 
16.12 
16.86 

16.24 
16.48 
16.04 
16.61 
16.24 

16.82 
16.82 
16.06 
16.12 

Pounds. 

Pounds. 
67,200 
56,700 
56,500 
59,800 
66,100 

89,800 
88.300 
88,200 
89,100 
88,000 

96,500 
96,400 
96,800 
94,000 

Pounds. 
8,520 
3,380 
3,410 
3,710 
3.480 

5,580 
6,860 
6,190 
6.860 
6,420 

5,860 
6,850 
6,960 
6,830 

Pounds. 

3,490 

6,870 

88,800 

6,870 

H.  Doc.  386 M 


370  CEMENT. 

Lehigh  Cement,  Neat. 

first  series. 

Water  used  in  mixing,  26.8  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height. 

Ck>mpre88ed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

7 
7 
7 

Mos. 

I 

1 
1 
1 

3 
8 
3 

Inches. 
4.02 
4.02 
4.09 
4.07 

4.14 
4.10 
4.03 
4.04 

4.08 
4.05 
4.00 

Inches. 
4.07 
4.01 
4.01 
4.01 

4.00 
4.02 
8.94 
4.01 

4.05 
4.08 
4.05 

Inches. 
8.95 
4.10 
4.02 
4.04 

3.99 
3.99 
4.08 
4.00 

4.00 
4.00 
4.00 

Sq.incJies. 
16.08 
16.44 
16.12 
16.20 

15.96 
16.04 
15.88 
16.04 

16.20 
16.82 
16.20 

Pounds. 

Pounds. 
69,900 
67,300 
68,000 
72,400 

89,9(10 
95,600 
87,900 
84,100 

108,500 
97,600 
106,800 

Pounds. 
4,847 
4.097 
4,218 
4,469 

5,588 
5,954 
5,535 
5,243 

6,889 
5,980 
6,562 

Pounds. 

4,280 

87,000 
93,800 
87,900 
84,100 

97,600 
97,600 
105,000 

5,590 

6,810 

Lehigh  Cement,  Neat. 
second  series. 


Water  used  in  mixing,  18  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

Firat 
crack. 

Pounds. 

Height. 

Compressed  sur- 
face. 

Total. 

Pounds. 
91,500 
79.900 
99.600 
102,100 

99,500 
95,100 
104,600 
89,700 

118,100 
113,000 
110,000 
113.500 
116,200 

Per 
square 
fnch. 

Mean. 

Days. 

7 
7 
7 

Months. 

*1 

1 
1 
1 

8 
8 
3 
3 
8 

Inches. 
4.04 
4.16 
3.99 
4.05 

3.99 
3.99 
3.99 
4.00 

4.00 
8.99 
3.96 
8.96 
4.00 

Inches. 
8.98 
3.97 
4.07 
3.98 

4.10 
4.10 
4.06 
4.05 

4.06 
4.10 
4.10 
4.01 
4.06 

Inches. 
4.02 
4.03 
4.08 
4.06 

3.96 
3.98 
4.00 
4.00 

4.00 
4.05 
3.99 
4.05 
4.02 

Sq.  inches. 
16.00 
16.00 
16.40 
16.16 

16.24 
16.32 
16.24 
16.20 

16.24 
16.60 
16.36 
16.24 
16.32 

Pounds. 
5,720 
4,990 
6,070 
6,820 

6,130 
5,880 
6,440 
5,540 

7,270 
6,810 
6,720 
6,990 
7,120 

Pounds. 

5,780 

70.000 

81,700 

117,000 
102,000 
108.000 
113,500 
115,000 

5,990 

6,980 

CEMENT. 

Stab  Portland  Cemisnt,  Neat. 
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WITH  PLASTER, 


Water  used  in  mixing,  22i  per  cent. 
Set  in  air. 


Age. 

Dimensloiu. 

Sec- 
tional 
area. 

Flnt 
cxack. 

Ck>inpre8slve  strength. 

Height 

Gompreaeed  sur- 
face. 

Total. 

Per 
square 
Inch. 

Mean. 

Days. 
7 
7 
7 
7 

Months. 

I 
1 

1 
1 

3 
8 
8 
8 

Inches. 
8.96 
a99 
4.01 
4.00 

4.00 
4.00 
4.00 
4.01 

3.98 
4.07 
4.06 
4.07 

Inches. 
4.04 
4.04 
3.97 
3.96 

4.02 
4.06 
8.99 
4.00 

4.01 
8.99 
3.98 
8.99 

Inches. 
4.03 
4.00 
4.00 
3.91 

3.80 
8.90 
4.01 
8.86 

4.03- 
3,99 
4.02 
4.02 

Sq.iTiehes. 
16.48 
16.16 
15.88 
15.56 

15.28 
15.80 
16.00 
15.44 

16.16 
15.92 
16.00 
16.04 

Pounds. 

Pounds, 
100,100 
101,200 
87,000 
93,700 

102,200 
113,100 
120,600 
107,300 

140,800 
119,900 
131,400 
132,000 

Pounds. 
6,074 
6,262 
6,479 
6,022 

6,688 
7,168 
7,588 
6,949 

8,713 
7,581 
8,213 
8,229 

Pounds. 

79,000 

5,960 

102,200 
100,200 
120,600 
101,500 

140,800 
119,900 
181,400 
132,000 

7,080 

8,170 

Star  Portland  Cement,  Neat. 
WITH  plaster. 


Water  used  in  mixing,  25  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressiye  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Pounds. 
101,800 
105,200 
102,800 
105,000 

106,800 
110,100 
106,500 
111,900 

131,500 
184.100 
182,200 
131,000 

Per 
square 
Inch. 

Mean. 

7 
7 

7 

Months. 

1 
1 
1 
1 

3 
8 
8 
3 

Inches. 
4.03 
3.99 
4.00 
4.02 

4.02 
4.02 
4.04 
4.01 

4.02 
3.99 
4.02 
4.04 

Inches. 
8.98 
4.06 
4.00 
4.00 

3.98 
8.98 
3.97 
4.00 

3.96 
4.06 
8.97 
3.96 

Inches. 
4.07 
4.08 
4.08 
4.10 

4.00 
4.09 
4.07 
4.04 

4.07 
4.03 
4.06 
4.06 

Sq.  inches. 
16.20 
16.56 
16.32 
16.40 

15.92 
16.28 
16.16 
16.16 

16.12 
16.36 
16.12 
16.08 

Pounds. 

Pounds. 
6,254 
6,367 
6,268 
6,408 

6,709 
6,768 
6,590 
6,925 

8,167 
8,197 
8,201 
8,147 

Pounds. 

6,820 

6,750 

"'i2i,'966" 

125,100 

8,180 
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CEMENT. 

Stab  Portland  Cehent,  Neat. 

WITH   FLA8TEB. 


Water  used  in  mixing,  30  per  cent. 
Set  in  air. 


Dlmensloiifl. 

Sec- 
tional 
area. 

Flnt 
crack. 

GompreflidTe  strengtli. 

Age, 

Height 

€k>mpre8sed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

8 
8 
8 

Months. 

1 
1 
1 

1 

8 
8 
8 
8 

Inches. 
8.95 
8.96 
4.09 
8.97 

4.04 
4.02 
4.00 
8.97 

8.96 
4.00 
4.00 
4.01 

Inches. 
4.05 
4.01 
8.96 
4.06 

8.97 
4.00 
4.00 
4.01 

4.01 
8.96 
4.02 
8.99 

4.19 
4.18 
4.20 
4.18 

4.08 
4.18 
4.11 
4.08 

4.12 
4.10 
4.09 
4.09 

Sq.  inches. 
16,97 
16.76 
16.72 
16.97 

16.20 
16.72 
16.44 
16.86 

16.52 
16.24 
16.44 
16.82 

Pounds. 

Pounds. 
106,800 
105,700 
99,100 
116,200 

109,500 
116,000 
112,000 
112,900 

126,200 
126,000 
188,200 
120,500 

Pounds. 
6,298 
6,807 
5,927 
6,848 

6,760 
6968 
6818 
6,901 

7,689 
7,769 
8,102 
7,884 

Pounds. 

96,000 
108,400 

**'6."846" 

62,000 
76,000 
104,000 

102,000 
106,000 
106,000 
76,000 

6,850 

7,720 

Star  Portland  Cement.    Neat. 

WITHOUT  PLASTER. 


Water  used  in  mixing,  22i  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compreadve  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
Ach. 

Mean. 

Dai^. 

7 
7 
7 

Months. 

1 

1 
1 

1 

3 
8 
8 
8 

Inches. 
4.05 
8.97 
8.96 
3.95 

8.97 
8.97 
4.01 
8.98 

4.04 
4.02 
4.02 
4.00 

Inches. 
4.00 
4.06 
4.00 
4.06 

4.03 
4.02 
4.00 
4.01 

3.96 
8.OT 
3.97 
8.96 

Inches. 
4.10 
4.15 
4.15 
4.16 

4.10 
4.06 
4.10 
4.07 

4.10 
4.10 
4.18 
4.10 

Sq.  inches. 
16.40 
16.72 
16.60 
16.89 

16.52 
16.40 
16.40 
16.82 

16.24 
16.28 
16.40 
16.24 

Pounds. 

Pounds. 
69,200 
75,800 
80,100 
82,700 

82,500 
77,200 
88,400 
92,000 

98,800 
97,600 
92,200 
106,100 

Pounds. 
4,220 
4  688 
4,825 
4.896 

4,994 
4,707 
5,890 
5,687 

5,746 
5,996 
5,622 
6,849 

Pounds. 

4,620 

82,500 
77,200 
77,400 
92,000 

98,300 
97,600 
92,200 
106,100 

5,180 

5,980 

CEMENT. 

Stab  Pobtland  Cement.    Neat. 

WITHOUT  PLASTER. 
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Water  used  in  mixiDg,  25  per  cent. 
Set  in  air. 


Age. 

Dimenrions. 

Sec- 
tional 
area. 

Flrrt 
crack. 

GompreBrive  strength. 

Height. 

Ck>mpreflBed  swr- 
face. 

Total. 

Per 

raoare 

inch. 

Mean. 

7 
7 
7 

Inches. 
8.99 

4.00 
8.99 
4.01 

4.00 
4.07 
4.01 
4.08 

4.05 
4.09 
4.08 
4.00 

Inches. 
4.07 
4.06 
4.02 
4.09 

4.04 
8.99 
4.00 
4.00 

4.02 
4.00 
4.08 
4.06 

Inches. 
8.99 
4.00 
4.02 
4.08 

4.00 
4.06 
4.02 
4.06 

4.01 
4.08 
8.99 
4.01 

Sq.  inches. 
16.24 
16.20 
16.16 
16.48 

16.16 
16.20 
16.08 
16.20 

16.12 
16.12 
16.06 
16.24 

Pounds. 

Pounds. 
96,800 
86,800 
88,700 
89,800 

99,100 
86,800 
100,100 
100,400 

121,600 
124,600 
126,900 
126,800 

Pounds. 
6,980 
6,858 
5,489 
6,449 

6,182 

6,225 
6,198 

7,648 
7,728 
7,880 
7,808 

Pounds. 

"hlieo" 

6.980 

108,000 
122,000 
104,000 
89,000 

7,780 

Stab  Pobtland  Cement,  Neat. 

WITHOUT  PLASTEB. 


Water  used  in  mixinff,  30  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

CompresBive  strength. 

Height. 

face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

8 
8 
8 

Months. 

Indies. 
8.95 
4.06 
4.06 
4.06 

8.99 
8.99 
8.94 
8.96 

8.98 
8.96 
8.98 
8.97 

Inches. 
4.02 
8.99 
899 
8.97 

4.08 
4.00 
4.02 
4.06 

4.00 
4.01 
4.01 
4.08 

Indies. 
4.18 
4.20 
4.19 
4.14 

4.20 
4.16 
4.17 
4.14 

4.07 
4.12 
4.21 
4.11 

Sq.  inches. 
16.60 
16.76 
16.72 
16.44 

16.93 
16.60 
16.76 
16.77 

16.28 
16.62 
16.88 
16.66 

Pounds. 

Pounds. 
78,100 
88,600 
80,600 
92,060 

89,900 
96,200 
98,400 
»7,600 

114,000 
118,200 
109,000 
110,000 

Pounds. 
4.706 
4,988 
4,821 
6,599 

6,810 
6,796 
6,678 
6,814 

7,002 
7,165 
6,467 
6,648 

Pounds. 

64,100 

5,080 

74,000 
91,600 
85.800 
97,000 

99,800 
99,000 
109,000 
107,400 

**'6;626" 

"*6,'8i6" 

874 


OEITENT. 

Whitehali.  Cement,  Neat. 


Water  used  in  mixing,  25  per  cent. 
Set  in  air. 


DimensionB. 

Sec- 
tional 
area. 

First 
crack. 

Ck>mpreflslye  strength. 

Age. 

Height. 

CompresBed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days, 

7 
7 
7 
7 

MonJths. 

1 
1 
1 

1 
1 

8 
8 
3 
8 

Inches. 
8.95 
4.04 
4.06 
4.04 
4.06 

8.96 
8.96 
,4.00 
4.00 
8.97 

8.96 
8.96 
8.96 
8.96 

Inches. 
8.92 
8.94 
8.96 
8.96 
8.96 

4.01 
4.02 
4.02 
4.07 
4.02 

4.04 
4.04 
4.08 
4.06 

Inches, 
4.04 
3.96 
8.96 
8.96 
8.96 

4.00 
8.97 
4.00 
4.00 
4.00 

8.97 
4.00 
8.96 
8.96 

8q,  inches. 
16.84 
16.60 
16.68 
16.72 
15.64 

16.04 
15.96 
16.06 
16.28 
16.08 

16.04 
16.16 
15.92 
16.12 

Pounds. 

Pounds. 
88.600 
76,100 
89,900 
94,700 
92,400 

106.500 
116,400 
95,300 
102,000 
112,900 

120,500 
130,800 
122,900 
116,800 

Pounds. 
5,698 
4,878 
5,788 
6,024 
6,908 

6,764 
7,281 
5,927 
6,265 
7,021 

7,512 
8,063 
7,720 
7,216 

Pounds, 

""88,'266*' 

6,680 

■  "ss^ooo'" 

97,000 

6,640 

7,680 

AiiSEN  Cement,  Neat. 

Water  used  in  mixing,  29.2  per  cent. 
Set  in  air. 


Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Age. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days, 

Months, 

1 
1 
1 
1 
1 

3 
3 

1 

3 

Inches. 
4.06 
4.06 
8.99 
4.04 
4.01 

8.99 
3.96 
3.99 
4.00 
8.99 

8.97 
8.96 
3.97 
8.99 
8.98 

hiches. 
4.09 
4.06 
4.10 
4.12 
4.08 

4.06 
4.08 
4.04 
4.08 
4.07 

4.06 
4.06 
4.06 
4.08 
4.04 

Inches. 
8.96 
3.97 
4.02 
3.99 
3.96 

4.07 
4.09 
4.06 
4.09 
4.02 

4.05 
4.07 
4.12 
4.06 
4.07 

Sq,  inches. 
16.20 
16.06 
16.48 
16.44 
16.04 

16.52 
16.69 
16.48 
16.48 
16.36 

16.44 
16.52 
16.78 
16.44 
16.44 

Pounds. 

Pounds. 
64.800 
67,700 
67,800 
67,500 
57,400 

81,900 
81,600 
79,600 
82,300 
82,100 

98,500 
85,200 
93,900 
98,700 
88,800 

Pounds. 
3,380 
3,590 
3,480 
3,500 
3;  580 

4,960 
4.880 
4,880 
4,990 
6,020 

5,690 
5,160 
6,610 
6.700 
6,870 

Pounds. 

'*'8,"6i6"* 

4.940 

91,000 
'76,  '666  " 

6,610 

CEMENT. 

JossoN  Cement,  Neat. 

Water  used  in  mixing,  26.7  per  cent. 
Set  in  air. 


375 


Age. 

DlmexiBions. 

Sec- 
tional 
area. 

PIret 
crack. 

Gompreasive  strength. 

Height 

GompresBed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

MonOu. 

1 
1 
1 

1 
1 

8 
8 
8 
8 
8 

Inches. 
4.00 
4.04 
8.95 
8.99 
4.07 

4.02 
4.05 
4.09 
4.00 
4.06 

4.06 
8.96 
4.06 
4.06 
4.06 

Inches. 
4.10 
4.00 
4.02 
4.04 
4.00 

4.00 
8.99 
8.99 
4.01 
4.00 

4.00 
4.00 
4.01 
4.00 
4.00 

Inches. 
8.91 
4.00 
8.96 
4.00 
4.01 

4.00 
4.00 
3.96 
3.98 
4.00 

4.02 
3.98 
8.92 
8.98 
8.99 

Sq.inchea. 
16.08 
16.00 
15.92 
16.16 
16.04 

16.00 
15.96 
15.80 
15.96 
16.00 

16.06 
15.92 
15.72 
15.92 
15.96 

Pounds. 
39,900 

Pounds. 
45,800 
48,300 
48,200 
44,300 
48,500 

67,800 
64,400 
61,500 
68,600 
64,000 

73,700 
75,100 
76,600 
74,100 
71,800 

Pounds. 
2,860 
2,710 
2,710 
2,740 
2,710 

4,240 
4,040 
8,890 
3.980 
4,000 

4,580 
4,720 
4,870 
4,660 
4,500 

Pounds. 

2,750 

"iim" 

4,660 

Cathedbal  Cebient,  Neat. 

FIRST  series. 

Water  used  in  mixing,  26.7  per  cent,  i 
Set  in  air. 


Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

CompresBiye  strength. 

Age. 

Height. 

Compreflsed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

•7 
7 
7 
7 

Months. 

1 
1 
1 
1 
1 

8 
8 
3 
8 
8 

Inches. 
4.00 
4.00 
8.95 
4.02 
3.95 

8.97 
8.97 
3.96 
8.96 
3.96 

3.96 
8.93 
8.97 
8.96 
8.99 

Inches. 
4.03 
3.96 
4.04 
4.07 
4.01 

4.04 
4.04 
4.05 
4.01 
4.04 

4.06 
4.05 
4.06 
4.00 
4.08 

Inches. 
4.01 
4.02 
4.00 
4.00 
4.02 

3.93 
4.00 
4.08 
4.06 
8.99 

3.99 
4.00 
4.08 
4.00 
8.99 

Sq.  inches. 
16.16 
15.92 
16.16 
16.28 
16.24 

15.88 
16.16 
16.82 
16.36 
16.12 

16.20 
16.20 
16.36 
16.00 
16.08 

Pounds. 

Pounds. 
86,600 
84,200 
88,640 
85,050 
80,900 

46,100 
48,600 
60,100 
48,700 
47,000 

56.700 
58,900 
60,800 
49.900 
55,900 

Pounds. 
2,260 
2,150 
2,080 
2,150 
1,900 

2,900 
3,000 
3,070 
2,980 
2,920 

3,600 
3.880 
3,720 
8,120 
3,480 

Pounds. 

2,110 

2,970 

8,430 

876 


OEMENT. 

Cathedral  Cement,  Neat. 
second  sebies. 


Water  used  in  mixing,  18  per  cent. 
Set  in  air. 


Age. 

Dlmexiflioiu. 

Sec- 
tlonal 
area. 

First 
crack. 

GompresslTe  strength. 

Height. 

CompresBed  sur- 
face. 

Total. 

Per 
sqoare 
inch. 

Mean. 

Days. 

8 
8 
8 
8 

Months. 

Inches. 
4.09 
3.99 
4.10 
4.00 
3.99 

4.06 
4.04 
4.08 
4.09 
4.06 

4.05 
4.09 
4.14 
4.18 

Inches. 
3.99 
4.07 
8.99 
4.07 
4.07 

3.96 
8.96 
3.99 
4.00 
8.99 

8.99 
8.98 
8.99 
8.98 

Inches. 
4.05 
4.10 
3.78 
4.06 
4.07 

4.00 
4.02 
4.08 
4.06 
3.79 

4.01 
4.01 
3.98 
4.02 

Sq.  inches. 
16.16 
16.69 
14.88 
16.62 
16.56 

15.92 
16.00 
16.08 
16.24 
16.12 

16.00 
15.96 
15.88 
16.00 

Pounds. 

Pounds. 
59,900 
66,800 
61,200 
56,600 
67,600 

68,800 
68,400 
69,800 
68,000 
51,000 

76,700 
78.500 
70,100 
67,200 

Pounds. 
8,710 
8,970 
4.110 

4,080 

4,010 
8,960 
4,810 
4,190 
8,870 

4,780 
4,610 
1410 
4,200 

Pounds. 

3,860 

69,800 
68,600 
67,000 

'**8,'970"' 

75,500 
89,000 
62,000 
64,000 

"Mio" 

Silica  Cement,  Neat. 

FIBST  SERIES. 

Water  used  in  mixing,  28i  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

Compressiye  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
Ach. 

Mean. 

Days. 

Months. 

1 
1 
1 
1 
1 

8 
8 
8 
8 
3 

12 
12 

Inches. 
4.05 
4.00 
4.08 
3.96 
8.96 

8.96 
3.97 
3.96 
8.98 
4.00 

8.97 
8.99 
3.96 
3.98 
8.96 

8.96 
8.98 

Inches. 
4.00 
4.09 
8.96 
4.03 
4.06 

4.15 
4.02 
4.04 
4.04 
4.13 

4.01 
4.05 
4.06 
4.01 
4.05 

4.08 
4.07 

Inches. 
4.06 
4.06 
4.18 
4.07 
4.10 

4.04 
4.18 
4.07 
4.06 
4.00 

4.10 
4.05 
4.09 
4.18 
4.10 

4.19 
4.10 

Sq.inches. 
16.24 
16.68 
16.44 
16.40 
16.64 

16.77 
16.80 
16.44 
16.40 
16.69 

16.44 
16.40 
16.69 
16.76 
16.61 

16.80 
16.69 

Pounds. 

Pounds. 
19,960 
22,600 
20.900 
19,960 
23,600 

27.100 
80,600 
88.500 
27,900 
29,500 

82,800 
84,100 
34,500 
89  200 
84,500 

88,600 
89,900 

Pounds. 
1,228 
i;865 
1,271 
1,218 
1,412 

1,616 
1,821 
2,088 
1,701 
1,768 

1,995 
2,079 
2,067 
2,889 
2,077 

1,990 
2,890 

Pounds. 

1,800 

1,790 

83,600 
89,900 

OEKENT. 

SnJGA  Cement,  I)£at. 

SECOND  SEBIE8. 


877 


Water  used  in  mixing,  18  per  cent. 
Set  in  air. 


Age. 

DimensionB. 

Sec- 
tional 
area. 

Firet 
crack. 

CompreflBiye  Rtrength. 

Height. 

Compreflsed  sur- 
iace. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 
8 
8 
8 
8 
8 

Months. 

1 
1 
1 
1 
1 

8 
8 

8 
3 

Inches. 
4.00 
4.06 
4.08 
4.02 
8.99 

4.00 
4.00 
4.08 
4.06 
4.07 

4.08 
4.00 
4.08 
3.98 

Inches. 
3.92 
3.99 
4.00 
4.06 
3.98 

4.08 
4.02 
4.01 
4.01 
4.00 

3.98 
4.09 
4.00 
4.06 

Inches. 
4.13 
4.00 
8.96 
8.86 
4.06 

8.98 
4.08 
4.00 
8.98 
4.06 

4.06 
4.08 
4.02 
4.06 

Sq.inches. 
16.19 
16.96 
15.80 
15.67 
16.24 

16.04 
16.40 
16.04 
15.96 
16.24 

16.12 
16.48 
16.08 
16.44 

Pounds. 

Pounds. 
47,100 
68,100 
53,400 
48,600 
46,500 

54,900 
60,600 
66.800 
89,500 
59,400 

76,100 
70,600 
78.600 
70,600 

Pounds. 
2,910 
3,380 
3,380 
2,780 
2,860 

3,420 
8.700 
4,100 
2,480 
8.660 

4,720 
4,280 
4,580 
4,290 

Pounds. 

3,050 

"62*866" 

3,470 

66.000 
68,200 
72,600 
70,600 

4,470 

Austin  Cement,  Neat. 

Water  used  in  mixing,  36.4  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
Uonal 
area. 

First 
crack. 

Compressive  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

Months. 

1 

1 
1 
1 

1 

3 
8 
8 
8 
8 

Inches. 
3.96 
4.06 
8.96 
4.06 
4.03 

8.97 
3.99 
8.98 
8.96 
8.97 

8.98 
8.95 
8.97 
8.97 
8.96 

Inches. 
4.02 
8.98 
4.04 
4.00 
8.96 

4.06 
4.00 
4.07 
4.06 
4.07 

4.01 
4.07 
4.01 
4.06 
4.06 

Inches. 
4.06 
4.10 
4.06 
4.02 
4.06 

4.14 
4.08 
4.06 
4.10 
4.08 

4.12 
4.01 
4.10 
4.08 
4.10 

Sq.inches. 
16.82 
16.82 
16.48 
16.08 
16.00 

16.77 
16.82 
16.52 
16.65 
16.61 

16.62 
16.82 
16.44 
16.65 
16.66 

Pounds, 

Pounds. 
5.960 
6.420 
6,100 
5,480 
6,060 

15,900 
19,400 
18,700 
18,100 
18,600 

23,100 
24.200 
24,900 
27,800 
26,900 

Pounds. 
360 
880 
870 
840 
380 

960 
1,190 
1,180 
1,090 
1,110 

1,400 
1,480 
1,610 
1640 
1,620 

Pounds. 

856 

1,090 

11,100 
10,000 
17,500 
26,200 
26,400 

1,580 

378 


OEMEKT. 

Bonneville  Improved  Cement,  Neat. 


Water  used  in  mixing,  38.7  per  cent. 
Set  in  air. 


A8 

Days. 

7 
7 
7 
7 

e. 

Months. 

1 

1 
1 
1 
1 

8 
8 
8 
8 
8 

Dimexulons. 

Sec- 
tional 
area. 

First 
crack. 

Comprenive  strength. 

Height. 

Ck)mprei 
fa( 

Inches. 
3.97 

ised  8ur- 
;e. 

Total. 

Per 
sqnare 
inch. 

Mean. 

Inches. 
4.02 
4.11 
4.08 
8.98 
4.02 

8.99 
3.97 
4.00 
4.00 
3.96 

4.00 
3.96 
8.96 
8.97 
3.98 

Inches. 
4.10 

Sq.  inches. 
16.28 
16.24 
16.82 
16.44 
16.08 

16.56 
16.66 
16.48 
16.16 
16.66 

16.48 
16.86 
16.62 
16.28 
16.65 

Pounds. 

Pounds. 
9.500 
9.500 
10.100 
10,900 
10,600 

19,400 
17,900 
18.500 
18.600 
18.800 

28.800 
24.200 
28.600 
28,900 
27,200 

Pounds. 
583 
585 
619 
668 
653 

1,171 
1061 
1,123 
1,151 
1.186 

1,606 
1.479 
1.004 
1.468 
1,634 

Pounds, 

3.98 
8.96 
4.02 
3.97 

4.06 
4.07 
4.02 
4.01 
4.02 

4.04 
4.06 
4.05 
4.01 
4.05 

4.06 
4.10 
4.09 
4.05 

4.06 
4.07 
4.10 
4.08 
4.12 

4.06 
4.08 
4.08 
4.06 
4.11 

020 

1,190 

21,000 
21.500 
20,000 

24.100 

1,560 

Hoffman  Cement,  Neat. 


Water  used  in  mixing,  36.2  per  cent. 
Set  in  air. 


Age. 

DlmenslonB. 

Sec- 
tional 
area. 

First 
crack. 

Compressive  strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

Months. 

1 
1 
1 
1 
1 

3 
8 
8 
3 
8 

Inches. 
4.05 
8.99 
4.00 
4.00 
8.99 

4.09 
4.06 
4.02 
4.00 
4.06 

4.00 
4.08 
4.04 
4.06 
4.03 

Inches. 
8.96 
4.01 
4.09 
4.08 
4.09 

4.00 
4.01 
4.09 
4.11 
8.99 

8.96 
3.99 
4.01 
3.98 
3.95 

Inches. 
4.05 
8.98 
4.10 
4.08 
4.08 

4.05 
4.05 
4.09 
4.07 
4.06 

4.05 
4.06 
4.06 
4.07 
4.01 

Sq.  inches. 
16.04 
15.96 
16.77 
16.65 
16.69 

16.20 
16.24 
16.78 
16.78 
16.20 

16.04 
16.20 
16.28 
16.20 
15.84 

Pounds. 

Pounds. 
7.100 
7,980 
7,600 
7,900 
7,660 

18.600 
12,600 
18,100 
12,900 
12,800 

20,600 
20,600 
19,900 
19,100 
18,800 

Pounds. 
440 
600 

iS 
470 

460 

840 
770 
780 
770 
790 

1,280 
1,270 
1,220 
1,180 
1,190 

P&undt. 

464 

790 

14,900 

1.280 

OEMEKT. 

Mankato  Cement,  Neat. 

Water  used  in  mixing,  41.2  per  cent. 
Set  in  air. 


879 


Age. 

Dlmenflionfl. 

Beo- 
tional 
area. 

First 
crack. 

Oomprenaive  strength. 

Height. 

CompreflBed  sur- 
face. 

Total. 

Per 

square 
inch. 

Mean. 

Days. 

Months. 

Inches. 
4.01 
4.02 
3.96 
4.06 
4.04 

4.04 
3.97 
3.98 
3.97 
8.99 

3.96 
8.97 
8.98 
8.99 
3.98 

Inches. 
8.96 
3.99 
4.01 
3.99 
8.99 

3.98 
4.02 
4.06 
4.06 
3.99 

4.02 
4.06 
4.02 
4.06 
4.02 

Inches. 
4.02 
4.00 
4.00 
4.00 
4.03 

4.05 
4.01 
4.01 
4.06 
4.02 

4.03 
4.09 
4.10 
4.09 
4.06 

Sq.  inches. 
15.92 
16.96 
16.04 
16.96 
16.06 

16.12 
16.12 
16.28 
16.62 
16.04 

16.20 
16.61 
16.48 
16.61 
16.28 

Pounds. 

Pounds. 
9.800 
8,620 
9.190 
9,020 
8,600 

16,500 
16,700 
16,000 
16,300 
17,300 

23,400 
23,600 
23,800 
23.200 
22,600 

Pounds. 
620 
690 
670 
570 
540 

1,020 

1,040 

960 

990 

1,080 

1,440 
1,420 
1.440 
1,400 
1,390 

Pounds. 

566 

1,020 

20,000 


1,420 

Newark  and  Kosendale  Cement,  Neat. 

Water  used  in  mixing,  38.7  per  cent. 
Set  in  air. 


Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

CompD 
Total. 

essive  strength. 

Height 

Compressed  sur- 
face. 

Per 
square 
inch. 

Mean. 

Days. 

7 
7 
8 
7 

Months. 





1 
1 
1 
1 

8 
3 
3 
3 
3 

12 
12 
12 

Inches. 
4.02 
4.00 
4.06 
4.08 
3.98 

4.04 
3.98 
4.06 
4.06 

4.08 
4.08 
4.04 
4.06 
8.99 

3.98 
8.97 
3.98 

Inches. 
3.99 
4.11 
3.98 
4.00 
4.02 

4.08 
4.12 
4.15 
4.02 

3.99 
3.98 
4.00 
3.99 
4.06 

8.97 
4.04 
4.00 

Inches. 
4.06 
4.04 
4.13 
4.02 
4.07 

3.97 
4.04 
3.97 
3.98 

4.10 
4.12 
4.09 
4.13 
4.10 

4.12 
4.06 
4.02 

Sq.  inches. 
16.16 
16.60 
16.44 
16.06 
16.86 

16.20 
16.64 
16.48 
16.00 

16,36 
16.40 
16.36 
16.48 
16.60 

16.36 
16.48 
16.08 

Pounds. 

I'ounds. 
7,260 
6,300 
6,900 
6.640 
6,200 

18,800 
16,500 
17,600 
18,100 

22,100 
23,400 
23,800 
25,100 
23,800 

24,950 
29,900 
23,900 

J'ounds. 
449 
880 
420 
407 
379 

1.160 

992 

1,068 

1,131 

1,361 
1,427 
1,455 
1.523 
1,434 

1,530 
1,780 
1,460 

Pounds. 

407 

.  .^. ....... 

1,090 

"*22,'266*" 
22,700 
20,400 

1,440 

21,000 
"*22,*866  ■ 

1,690 

380 


Norton  Cement,  Neat. 


Water  used  in  mixing,  39.6  per  cent. 
Set  in  air. 


Age. 

DimeiudoiM. 

See- 
tional 
area. 

Flrat 
crack. 

GompreflslYe  stxeogth. 

Height 

Compreased  sar- 
laoe. 

Total. 

Per 
■qnare 
inch. 

Mean. 

Days. 

v.'.'.'.'.'.'. 

MonUu. 

i" 

1 
1 

8 
3 
3 
3 
8 

Incheg, 
4.02 
3.99 
4.03 
3.96 
8.98 

3.97 
3.98 
3.97 
3.97 
3.99 

3.98 
3.99 
3.98 
8.98 
3.96 

Inebct. 
8.96 
4.02 
8.96 
4.02 
4.04 

4.04 
4.00 
4.08 
4.05 
4.06 

4.05 
4.02 
4.04 
4.04 
4.11 

Jndiea. 
4.04 
4.07 
4.08 
4.06 
4.09 

4.05 
4.12 
4.05 
4.01 
4.02 

4.02 
4.01 
4.08 
4.06 
4.05 

Sq,  incheg, 
16.08 
16.86 
16.21 
16.82 
16.62 

16.36 
16.48 
16.82 
16.24 
16.82 

16.28 
16.12 
16.28 
16.40 
16.65 

PoundM. 

Poundt, 
7,620 
8,160 
6,920 
7,900 
7,920 

15,900 
14,800 
13,700 
13,600 
14,100 

26,100 
27,100 
27,000 
24,200 
28,700 

Pounds, 
470 
500 

430 
480 
480 

970 
900 
840 
830 

860 

1,600 
1,680 
1,660 
1,480 
1,420 

PoundM. 

472 

880 

24,800 

14,600 

1,570 

Obelisk  Cement,  Neat. 

Water  used  in  mixing,  36.8  per  cent 
Set  in  air. 


DImenflonB. 

Sec- 
tional 
area. 

First 
crack. 

CompreaslYe  strength. 

Age. 

Height. 

Compreased  snr- 
face. 

Total. 

Per 
sqaare 
inch. 

Mean. 

J)ayM. 

ManthM. 

1 

1 
1 
1 
1 

3 
3 
3 
8 
8 

Incheg. 
4.05 
4.01 
4.05 
4.08 
4.00 

4.08 
4.04 
8.99 
4.00 
3.99 

3.96 
8.99 
4.00 
4.06 
4.05 

Incheg. 
4.00 
4.00 
4.00 
4.00 
4.08 

3.97 
4.01 
4.05 
4.00 
4.06 

4.05 
4.04 
4.02 
4.00 
8.99 

Incheg. 
8.99 
4.02 
4.02 
3.99 
4.00 

4.02 
4.01 
4.02 
4.06 
4.02 

4.05 
4.04 
4.10 
4.06 
4.00 

Sq.  incheg. 
15.96 
16.06 
16.06 
15.96 
16.12 

15.96 
16.06 
16.28 
16.24 
16.82 

16.40 
16.82 
16.48 
16.12 
15.96 

Poundg. 

Poundg, 
11,800 
12,600 
12,400 
12,000 
11,400 

18,100 
23,100 
22,800 
23,600 
22,800 

86.600 
85,700 
85,600 
84,600 
87,700 

Poundg. 
789 
784 
771 
762 
707 

1.184 
1,487 
1,400 
1466 
1,866 

2,226 
2,188 
2,154 
2.146 
2,882 

PoundM, 

760 

11,000 

■"26,'466'" 
85,600 

1,860 

81,200 

'2:226" 

Potomac  Cement,  Neat. 

Water  used  in  mixing,  39.2  per  cent. 
Set  in  air. 


381 


Age. 

DimenslonB. 

Sec- 
tional 
area. 

First 
crack. 

CompressiYe  strength. 

Height. 

Compreflsed  sur- 
face. 

Total. 

Per 
square 
inch. 

Mean. 

Days. 

7 
7 
7 
7 
7 

Months. 

\ 

1 
1 

1 

8 
8 
8 
8 
8 

12 
12 
12 
12 

Inches. 
8.97 
8.98 
8.96 
4.04 
8.99 

8.96 
8.96 
3.96 
8.98 
8.97 

4.08 
4.02 
4.05 
4.05 
8.97 

8.99 
8.96 
8.96 
8.97 

Inches. 
4.00 
4.01 
4.06 
4.01 
4.09 

4.03 
3.98 
4.00 
4.04 
4.08 

3.97 
3.99 
3.99 
8.99 
4.06 

4.04 
4.04 
4.02 
4.00 

Inches. 
4.10 
4.04 
4.02 
4.00 
4.08 

4.02 
4.06 
4.06 
4.06 
4.04 

4.01 
4.04 
4.02 
4.00 
4.00 

4.02 
4.05 
4.01 
4.08 

Sq.  inches. 
16.40 
16.20 
16.20 
16.04 
16.48 

16.20 
16.16 
16.24 
16.28 
16.28 

15.92 
16.12 
16.04 
15.96 
16.24 

16.24 
16.86 
16.12 
16.12 

Pounds. 

Pounds. 
6,680 
6,960 
7,100 

6,820 

14.100 
18, «» 
12,200 
14,100 
14,100 

18,700 
16,200 
16,700 
19,000 
18,700 

16,800 
19,500 
19,200 
16,500 

Pounds. 
407 
480 
488 
427 
414 

870 
854 
751 
866 
860 

1,176 
1,005 
1,041 
1,190 
1,151 

1,000 
1,190 
1,190 
1,020 

Pounds. 

423 

840 

16,700 
18,400 
7,000 

18,200 

1,110 

9,200 
10,600 
9,600 

1,100 

Retarded  Set  Series. 

additional  tests,  cubes  set  in  air. 

Marks,  *J  17. 

Composition:  Star  cement,  with  plaster,  neat. 

Original  water  used  in  gauging,  32.9  per  cent  of  cement. 

Age,  9  months. 

Ketarded  102  hours. 

For  earlier  tests  see  Report,  1901,  page  509. 


Marks. 

Dimensions. 

Sec- 
Uonal 
area. 

First 
crack. 

Compressive 
strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
Inch. 

102'CrJn  (4) 

Inches. 
4.00 
4.06 
4.01 

Inches. 
8.96 
8.95 
8.96 

Inches. 
8.97 
3.99 
8.97 

Sq.  inches. 
15.72 
15.76 
15.60 

Pounds. 
7,040 
7,830 
8,800 

Pounds. 
8,010 
7,880 
8,760 

Pounds. 
510 
465 

561 

102iyJ17(6) 

102'^J17(6) 

382  CEMENT. 

The  three  following"  cubes  were  immersed  in  water  24  hours. 


Marks. 


Weight 
before 

immer- 
sion. 


Weight 
after 

immer- 
sion. 


102  ^J  17  (7) 
102  ^J  17  (8) 
102  ^J  17  (9) 


Lbs.  on. 
S  0 
8  0 

8  k 


lbs.  ots. 

8  14i 

8  Uk 

8  14 


The  cubes  were  taken  from  the  bath  and  immediately  tested. 


Marks. 

Dimensions. 

Sec- 
tional 
area. 

First 
crack. 

CompreasiTe 
strength. 

Height. 

Compressed  sur- 
face. 

Total. 

Per 
square 
inch. 

102 -^jn  (7) 

Inches. 
4.01 
4.03 
4.02 

Inches. 
3.96 
3.96 
8.94 

Inches. 
8.98 
4.02 
4.01 

Sq.inches. 
16.76 
16.92 
16.80 

Pounds. 
6,240 
7,100 
6,200 

Pounds. 
6,240 
7.100 
6,200 

Pounds. 
896 
446 
829 

102t;^J  17  (8) 

102 -^J  17  (9) 

The  next  three  cubes  were  immersed  in  water  24  hours,  then  allowed 
to  dry  in  the  open  air  12  days,  at  the  expiration  of  which  time  they 
were  tested. 


Marks. 


Weight 
before  im- 
mersion. 


Weight 
after  im- 
mersion. 


Weight 
after  dry- 
ing in  open 
air  12  days. 


102  ^Z  17  (10) 
102-^1 17  (11) 
102  t:?  J  17  (12) 


Lbs.    ots. 
2    161 


Lbs.  ots. 

8  14 

3  141 

8  14i 


Lbs.  ou. 

8  21 

8  4 
8     4J 


Marks. 


Dimensions. 


Height. 


Compressed  sur- 
face. 


Sec- 
tional 
area. 


First 
crack. 


Compressive 
strength. 


Total. 


Per 
square 
inch. 


102  <r  J  17  (10) 
102  <r  J  17  (11) 
102^^^117  (12) 


Inches. 
4.02 
4.01 
4.02 


Inches. 
3.94 
3.96 
3.94 


Inches. 
4.00 
4.10 
4.00 


Sq.  inches. 

16.76 

16.20 

16.76 


Pounds. 
6,980 
6,600 
7,840 


Pounds. 
6,900 
7,820 
7,840 


Pounds. 
448 
462 
497 
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CEMENT.       SET   IN   AIR   AND   IN    WATER. 


Cement  and  Mortar  Cubks. 

Summary  of  results  on  2-inch  cubes.     One-half  of  each  I 
air,  one-half  in  water. 

(Specimens  set  in  water  were  set  the  first  day  after  mixii 


t 

1 

Composition. 

Age. 

Mean 

Brand. 

Cement. 

1 
Sand.    1   Water. 

1 

Set  in  1 

per 

squai 

inch 

Atlas 

LehiKh 

Do 

Peninsular 

Do 

:                1  Per  eaU. 

1    1           11       82.0 

Iweek 

1  month 

3  months . . . 

1  month  — 
3  months  . . . 

1  month 

3  months... 

iweek 

1  month  — 
8  months... 

iweek 

1  month 

3  mouths  . . . 

Iweek 

1  month 

Iweek 

1  month  — 

Iweek 

1  month 

3  months  . . . 

Iweek 

1  month  .... 
3 months  ... 

Iweek 

1  month 

8  months  . . . 

iweek 

1  month  .... 
3  months  . . . 

Iweek 

1  month 

3  months  . . . 

6  days 

1  month 

3  months  . . . 

5  days 

1  month 

3  months  . . . 

4  days 

1  month 

3  months  . . . 

Iweek 

39  days 

3  months . . . 

6  months . . . 

6  days 

38  days 

3  months   .. 
6  months... 

1  week 

85  days 

3  months... 

Pauno 

2,5>1» 
3,011 

1 

3,39< 

Neat. 

27.0 

4,  Ml 

4,4S( 

1 
1     '            1            34.0 

2,51( 
2,58( 

Neat. 



25.5 

4,97C 

6,14C 

6.08C 

, , 

1                1    1        34.2 

2,8.30 
3,400 

:::;;■;:":  ■;:.:!;!:i;;'";;.' 

.S,  410 

1            Do 

1     1            2    j        48.1 

1,870 
1,490 

Do 

1     '■           4     !        87.0 
1 

473 

Cathedral 

656 

Neat. 

28.8 

2,060 

Do 

2,590 

1 1 

2,8«10 

1 
1     :            1    1        36.6 

1,8.tO 

Do 

2,140 

2,190 

1 

2    1 

718 

Do 

816 

1 

851 

1                3            63.8 

335 

Silica 

488 

1 

608 

Neat. 

25.8 

1,670 

2,070 

1 

1 

2,420 

Do 

Do 

Do 

Newark  and  Rosendalc 

Obelisk 

1    '           1    1       82.0 

942 
1,460 



1,610 

1     1            2 

44.0 

386 
424 

850 

1    i           3 

58.0 

130 
219 

306 

Neat. 

37.6 

499 

1,030 

1,490 

1,960 

Neat. 

40.5 

873 

Do 

1,480 

1 

1,960 

2,460 

1     .            1            42.0 

670 
1,140 
1.380 

n  4  days  In  air. 


ft  2  days  in  air. 
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Cement  Cubes. 


Material  set  in  air  or  in  water  followe^l  by  different  periods  of  exT>o- 
sure  under  reversed  conditions.  • 


FIRST  SERIES. 

Two  batches  of  cubes  were  made  for  this  series  of  tests.  The  spec- 
imens of  one  batch  were  set  in  air  initial  periods  of  time,  from  one 
week  to  three  months,  after  which  they  were  placed  in  water,  where 
they  remained  until  the  time  of  testing. 

In  the  other  batch  the  conditions  were  reversed  and  an  initial  period 
in  water  was  followed  by  a  period  in  air.  Also  specimens  from  each 
batch  set  the  full  time  in  air  and  in  water. 

Tests  were  made  when  the  material  was  four  months  old. 

TESTS  OF  CUBES  SET  IN  AIR,  AND  THOSE  SET  IN  AIR  FOLLOWED  BY  AN  INTERVAL  IN 

WATER. 

Marks,  p^  J.  23. 

Composition,  Star  cement,  without  plaster,  neat. 

Water  used  in  gauging,  24.8  per  cent  of  cement. 


Mos. 

Agre  iii- 

Air. 

1 
Wks.   Days. 

1|       1 

Water. 
Mos.     Wfa. 

1 

1 
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2 

1            • 
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'     1 

1 

::::::::::::: 

3 

* 



1 

3J        2 

1 1 

1             1 

'     1             1 

2 

1 

1 

::::::;.:.:;. 

1 

1 

...'.' J....'.'. 

1 

•,i 

1            1 

. 

1 

' 
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i         i 

Dimensions. 

Compressive  strength. 

Com- 

tlonal . 

Per 

Remarks. 

u 

pressed 

*^'"*-   !  Total. 

square 

Mean. 

X 

surface. 

Sq.in. 

Pounds. 

inch. 

Ins. 

lus. 

Ins. 

Ponnds.  Pounds.' 

2.06  '  2.01 

2.03 

4.08 

11,670 

2,840 

I 

2.0ft 

2.01 

2.05 

4.12 

13,580 

3.300 

2.01 

2.01 

2.00 

4.a2 

11,800 

2,940 

I 

2.02 

2.03 

2.03 

4.12 

11,400 

2,770 

2.04 

2.05 

2.03 

4.16 

12,900 

3,100 

2;  990 

2.01      1.99 

2.04 

4.06 

13,500 

3,830 

1 

2.03  ;  2.03 

2.04 

4.14 

12,790 

8,090 

2.03 

2.0:^ 

2.05 

4.16 

12.300 

2.960 

1.99 

1.97 

2.00 

3.94 

12,970 

3,290 

2.03 

1.99 

2.04 

4.06 

12,950 

3,180 

3,i76 

2.00 

2.03 

2.06 

4.18 

13,650 

3, 270 

2.00 

2.01 

1.99 

4.00 

14,030 

3,510 

2.00 

2.00 

2.00 

4.00 

12,000 

3,000 



2.00 

2.02 

2.02 

4.08 

13,800 

3,380 

2.  a-) 

2.01 

2.06 

4.14 

14,a50 

3,460 

3,820 

2.00 

2.00 

2.02 

4.W 

16,500 

4,080 

2.02 

2.02 

2.03 

4.10 

18.360 

4,480 

2.04 

2.09 

2.00 

4.18 

13,400 

3,210 

2.00 

2.05 

2.06 

4.22 

14.820 

3,390 

2.00 

2.05 

2.04 

4.18  1  15,700 

8,760 

8,780 

1.99     1.97 

2.02 

3.98 

16,200 

8,820 

2.01  ,  LW 

2.02 

3.92 

13,700 

3.490 

2.06  ,  2.02 

2.08 

4.10 

12,900 

8,150 



2.04  1  2.02 

2.03 

4.10 

16,900 

4,120 

...  . 

2. 04     2. 03 

2.04 

4.14 

14,600 

3,530 

3,620 

2.01     2.00 

2.04 

4.08     16,300 

4,000 

2.00     2.00 

L99 

3  98 

14.100 

3,540 

2.06  1  1.95 

2.02 

3.94 

11,800 

2,990 

2.01  !  2.03 

2.01 

4.08 

11,200 

2,760 

2.06  1  2.03 

2.03 

4  12 

15,600 

3,790 

8,410 

2.03  ;  2.02 

2.01 

4.06  -  16,000 

8,940 

2.04     1.91 

2.04 

3.90  '  13,200 

8,380 

2  00     2. 05 

2.02 

4. 14     17, 100 

4,180 

2.00     1.99 

2.02 

4.02 

17,500 

4.350 

2.02     2.02 

2.02 

4.08 

18,200 

4,460 

4,050 

CEMENT.       SET   IN    AIR   AND   IN    WATER. 


TESTS  OF  CUBES  SET  IN  AIR,  ETC.— ConUnued. 


Age  in— 


Air. 


Mot. 


W*lt9. 


Days. 


Water. 


M08. 

4 


W*ka. 


DimeiuioDB. 


Itu. 
2.02 
2.00 
2.08 
2.03 
2.01 

2.00 
2.02 
2.02 
2.00 
2.02 

2.02 
2.02 
2.04 
2.06 
2.02 

2.04 
2.07 
2.06 
2.01 
2.00 

2.08 
2.01 
2.05 
1.96 
2.04 

2.02 
2.02 
2.00 
2.06 
2.01 

2.04 
2.02 
1.95 
2.05 
2.01 

8.07 
8.00 
8.00 
8.03 


Com- 
presied 
surface. 


In9. 
2.06 
2.04 
2.05 
2.04 
2.03 

1.98 
2.05 
2.02 
1.99 
2.04 

2.03 
2.04 
2.06 
2.03 
2.00 

2.01 
2.01 
2.01 
1.99 
2.07 

2.04 
2.04 
2.01 
2.00 
2.03 

2.06 
2.00 
1.97 
2.06 
1.99 

2.00 
2.04 
2.05 
2.08 
2.04 

8.00 
8.06 
8.05 
8.00 


Ins. 
2.00 
2.02 
2.03 
2.01 
2.00 

2.04 
2.06 
2.04 
2.02 
2.02 

2.04 
2.05 
2.00 
2.04 
1.98 

2.06 
2.07 
2.04 
2.02 
2.02 

2.04 
2.04 
2.02 
2.05 
2.00 

1.96 
2.00 
2.02 
2.01 
2.02 

2.02 
2.06 
2.01 
2.08 
2.02 

8.10 
8.07 
8.09 
8.10 


Sec- 
tional 
area. 


Sq.in. 
4.12 
4.12 
4.16 
4.10 
4.06 

4.04 
4.22 
4.12 
4.02 
4.12 

4.14 
4.18 
4.06 
4.14 
8.96 

4.14 
4.16 
4.10 
4.02 
4.18 

4.16 
4.16 
4.06 
4.10 
4.06 

4.08 
4.00 
8.98 
4.06 
4.02 

4.04 
4.20 
4.12 
4.12 
4.12 

9.80 
9.89 
9.42 
9.80 


CompreesiTe  strength. 


Total. 


Pounds. 
25,400 
26,400 
25.900 
26,400 
21,700 

22.800 
16,200 
19,700 
22,000 
19,800 

16,800 
19,900 
17,600 
23,600 
19,700 

19.900 
21.000 
19,100 
14.600 
19,900 

18,100 
19,600 
17,400 
20,300 
15,900 

17,400 
16,900 
19.800 
20,700 
18,100 

15,100 
17,200 
16,100 
18,800 
16,600 

89,400 
44,100 
41,900 
48,800 


Per 
square 
inch. 


Founds 
6.170 
6,410 
6,280 
6,440 
5,840 

5,640 
3,840 
4,780 
5,470 
4,810 

4,060 
4,760 
4,330 
5,700 
4.970 

4,810 
5,060 
4,660 
3.630 
4,760 

4.350 
4,690 
4.290 
4.950 
3,920 

4,260 
4,230 
4,970 
5,070 
4,500 

3,740 
4,100 
3,910 
4,660 
4,060 

4.240 
4,700 
4,450 
4,660 


Mean. 


Pounds, 


6,120 


4,7tJ0 


•1.580 


-1,610 


4,070 


4,510 
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CEMENT.       SET   IN    AIR   AND    IN    WATER. 


TESTS  OF  CUBES  ShTT  IN  WATER,  AND  THOSE  SET  IN  WATER  FOLLOWED  BY  AN  INTER- 
VAL IN  AIR. 


Specimens  set  the  first  clay  after  gauging  in  air. 
Marks,  ^  J.  20. 

Composition,  Star  cement,  without  plaster,  neat. 
Water  used  in  gauging,  27  per  cent  of  cement. 


Age  In— 

Dimensionii. 

Sec- 
tional 
area. 

Compresslye 
strength. 

Rem&rlcB. 

Air. 

Water. 

Air. 

CompreRsed 
surface. 

Total. 

Per 
square 
mch. 

Mean. 

Days. 

1 

Jfo«.|  IF'1«. 

Days. 
6 

Mo». 

}rks. 

Ins. 
1.95 
2.01 
2.00 
2.06 
1.93 

Ins. 
2.04 
2.01 
2.03 
2.05 
2.06 

Ins. 
2.00 
1.97 
2.06 
1.99 
2.05 

2.06 
1.99 
2.02 
2.00 
1.96 

2.05 
2.01 
1.99 
2.04 
2.03 

1.94 
2.08 
2.03 
2.02 
2.00 

2.M 
2.(M 
2.03 
2.(M 
2.02 

2.a5 

So.  in. 
^.08 

IJbs. 
15,000 

Lbs. 
3,680 
2,550 
3.680 

Lbs. 
"3*276" 

"-i.'soo" 

"4,626* 
"4,"966* 
*6,"386' 
*5,*6i6* 
"8,"726* 
'5,626" 
*6,*2fla* 
'6*696* 
"6,"686' 

1 

3.96 

4.18 
4.08 

10,100 
15,400 

1                                  1 

1 

12,500     3,060 

1 1 

4.20 

14,300     3,400 

1 

1     J    . 

2.01 

2.02 

4.16 
4.10 
4.14 
4.14 
3.96 

4.18 
4.04 
4.02 
4.14 
4.10 

3.96 
4.31 
4.12 
4.12 
4.04 

4.12 
4.20 
4.10 
4.14 
4.08 

4.22 
4.28 
4.14 
4.16 
4.12 

4.08 
4.06 
4.08 
4.16 
4.22 

3.92 
4.06 
4.06 
4.12 
4.10 

4.18 
4.12 
4.16 
4.20 
4.22 

4.06 
4.08 
4.08 
4.14 
4.14 

4.18 
4.08 
4.08 
4.14 
4.24 

18,900     4,540 
17,720     4,320 
17,450     4,210 
19,400     4,690 
18, 700     4. 720 

1 

2. 02  2. 06 

2.03  ,  2.05 
2.02     2.07 
2.00  '  2.02 

1             '                    J  ,.       , 

1             ' 

1            1        J  .         . 

1 

2           6    ' 

2.07 
2.06 
2.01 
2.06 
2.05 

2.06 
2.01 
2.04 

2.M 
2.01 
2.02 
2.03 
2.02 

2.04 
2.06 
2.03 
2.04 
2.02 

2.02 
2.06 
2.02 
2.03 
2.02 

2.06 

19,500 
17,200 
17,900 
19,800 
20,200 

22,500 
21,600 
19,800 
18,500 
19,200 

20,500 
24.800 
23,500 
19,900 
22,400 

20,500 
24,500 
23,000 
26,100 
21,100 

17,000 
13,100 
15,100 
17,800 
14,200 

22,500 
22,100 
21,100 
19,200 
16,700 

21,700 
20,500 
22,700 
27,400 
17,600 

22,100 
26,800 
21,700 
28,100 
26,300 

24,100 
26,400 
22,900 
22,800 
21,400 

4,670 
4,260 
4,450 
4,780 
4;  930 

5,680 
6,010 
4,810 
4,490 
4,750 

4,980 
6,900 
6,730 
4,810 
6,490 

4,860 
5,720 
5,660 
6,270 
6,120 

4.170 
3,280 
8,700 
4,160 
3,360 

6,740 
5,440 
6,200 
4,660 
4,070 

6,190 
4,980 
6,460 
6,520 
4,170 

5,440 
6,670 
5,820 
6,790 
6,350 

5,770 
6,470 
5,610 
6,510 
5,050 

1 1 

1              1            1 

1 

1 ! 

1 

3 

J 1 : 

1 

' 

1 1 

2.09 
2.00 

2.07 
2.04 
1.99 
2.03 
1.98 

-2.05 
2.02 
2.0^ 
2.02 
2.00 

2.10 
2.00 
1.99 

1 

1 

1 

2 

1 

1 

1 

3 

1 

2.06  .  2.08 

2.03 
2.07 
2.04 

2.02 
2.01 
1.99 

2.04 
2.01 
2.02 

2.02 
2.02 
2.05 
2.08 
2.02 

2.02 
2.01 
2.00 
2.04 
2.01 

2.03 
2.04 
2.06 
2.08 
2.08 

2.00 
2.00 
2.01 
2.02 
2.04 

2.05 
2.08 
2.00 
2.03 
2.02 

1 

4    

1 

2.03  1  2.00 
2.01  '  2.09 

1 

1 

G 

3 

3 

2.05 
2.00 
2.00 
2.a5 
2.00 

2.04 
2.00 
2.00 
2.00 
2.01 

1.99 
2.01 
2.02 
2.01 
2.03 

2.05 
2.00 
2.00 
2.02 
2.03 

1.94 
2.02 
2.03 
2.02 
2.04 

2.06 
2.02 
2.03 
2.02 
2.03 

2.03 
2.04 
2.03 
2.05 
2.03 

2.W 
2.01 
2.04 
2.W 
2.10 



1 

1 

6         3 

2 

:::'  :::;;::i:::::i::: .: 

1      ' 

1 

2  I        6 

3 

1 

1.  . 

1         ; 

' 

1 

8  1        4 

( 

3a 

1  ' 

(iAn<t  4  (lays. 


/ 


^<TSo 


f 

^ ^J^^^ 

— -  - 

^^ 6^QZQ. 


I 


1^ 


fc 


^ 


Sooo 


i^&<^0 


6.S30 


6360 


i:fa<3o 


I 
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CEMENT.       SET    IN    AIR    AND    IN    WATER. 
TESTS  OP  CUBES  SET  IN  WATER.  ETC.— Continued. 


Age  in- 

Dimensions. 

Sec- 
tional 
area. 

Compressive 
strength. 

Air. 

Water. 

Air. 

& 

Compressed 
surface. 

Total. 

Per 
square 
inch. 

Mean 

Days. 

M08. 

2 

W'ka. 

Days. 

Mos. 
2 

W'k8, 

Ins. 
2.08 
2.00 
1.96 
2.02 
2.02 

2.03 
2.01 
2.06 
2.01 
2.02 

2.02 
2.08 
2.04 
2.04 
2.02 

3.00 
3.01 
8.07 
2.99 
3.01 

4.06 
4.09 
4.07 
4.03 

Ins. 
2.06 
2.00 
2.01 
2.06 
2.04 

2.02 
2.02 
2.02 
1.92 
2.03 

2.03 
2,00 
1.91 
2.03 
2.07 

3.08 
3.00 
3.00 
3.04 
3.01 

4.00 
3.99 
3.96 
3.98 

Ins. 
2.02 
2.08 
2.08 
2.01 
2.06 

2.08 
1.98 
2.08 
2.01 
2.02 

2.02 
2.04 
2.05 
2.00 
2.04 

3.08 
3.06 
3.05 
3.05 
8.03 

4.03 
4.01 
3.96 
4.a5 

4.06 
4.08 
4.14 
4.20 

4.10 
4.00 
4,20 
3.86 
4.10 

4.10 
4.06 
3.92 
4.06 
4.22 

9.33 
9.18 
9.15 
9.27 
9.12 

16.12 
16.00 
15.76 
16.12 

Ua. 
80,600 
25,600 
21,400 
28,900 
28.500 

28.400 
28,300 
24,000 
30,200 
32,900 

23.000 
19,200 
18,300 
18,700 
23,500 

37,600 
45,300 
46.100 
44,100 
43,600 

74,700 
66,900 
70,100 
72,900 

Lbs. 
7,360 
6,280 
5,250 
6,960 
6,790 

6,980 
5,890 
5,710 
7,820 
8,020 

5,610 
4,710 
4,670 
4,610 
5,570 

4.080 
4,980 
5,040 
4,760 
4,780 

4,630 
4,180 
4,460 
4,520 

Lbs. 



6,630 

1 

3 

1 

1 

6,860 

1 

4 

1 

.  . 

1 

' 

5,030 

4 



i 

1 

4,710 

4 

4,450 
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CEMENT.       SET  IN   AIB  AND  IN   WAXES. 
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CEMENT.       SET  IN   AIB  AND  IN   WATEB. 
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GEKENT.       SET  IN   AIB   AND   IN   WATEB. 
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CEMKNT.       SET   IN   AIR   AND   IN   WATER. 


I 

§ 

d 


u 

S 

O 


OQ 


O 


§    13 


03 
> 

>  .s 

a     2 
w    .5 

O      T^ 
CQ         08 


B 

'a 


i 

2 


p. 


p 


|iiii  §111  igi§  i§si  ii  ii  §i§§  iiii 


Pounds. 
27,400 
32,700 
26,300 
30,900 

16.56    25,600 
16.36    30,700 
16.44    27.400 
16.16    25,600 

16.16    21.900 
16.44,   28,300 
16. 56    25. 100 
16. 68    25, 100 

20,100 
L  19.600 
^   19,200 

18,900 

5.800 
6,600 

7,300 
8,000 

8,600 
7,600 
8,660 
8,800 

9,800 
8,100 
11,800 
9.800 

a.  in. 
16.68 
16.60 
16.66 
16.85 
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4-INCH  CUBE   D19,    DYCKtRHOFF  CEMENT. 

APPEARANCE   1    DAY  AFTER   HAVING   BEEN   HEATED   TO   1,000  DEC.   F. 

CUBE   SET  !N   /•ATER   1    YEAR,  3  MONTHS,  23   DAYS   BEFORE   HEATING. 

LOSS   iM   WEIGHT   UPON   HEATING,   19   PER   CENT. 


HFliOTVPE    CO.,    BOSTON. 


4-INCH   CUBE   D19,   DVC^sbRHOFF   CFMEN^. 
ArPPAi-:-,N':E    10   DAYS  AF'Ef^    HAVING   BEEN    HEATED  TO  1.000   OEG.   F. 


MfL'OTNPE    CO.,    BOSTON. 


rj 


.) 


/ 


A 


/'. 


APPFARANCh    -"Q    iMYS    AFTE!?    H/iV'-JG   B^^FrJ    t^r.AiLl/    H)    1000   Df.G. 


i(.f  1  DA,'  AfltP  HAVil-J.!  HtFN  HFAlFn  TO  1000  DhG.  F. 
r  !.N  AH  1  .F'P.  3  M'_'NTHS,  It;  DAY5^  BEFORE  HEAriN(i. 
V '-'■.    irj    .VEIGHr    Ut\iN    HF  ATING,    11.1    PER   CENT. 


tirii^rii^^c;^     ^p)M» 


^•Fl    O^-iP^     ^O,.     b  r-^-TON. 


cements,  strength  after  heating. 
Cements  and  Mortars. 

COMPRESSION  tests  OF  CUBES  AFTER  HAVING   BEEN   HEATI 
DIFFERENT  TEMPERATURES. 

The  cubes  for  this  series  were  prepared  and  set  in  air  or 
for  a  period  of  one  year  to  a  year  and  a  half  before  they  were 
and  intervals  ranging  from  four  days  to  nearly  four  mont 
vened  between  the  time  of  heating  and  the  time  of  testing. 

The  heated  cubes  were  gradually  raised  to  the  temp 
recorded,  and  slowly  cooled  in  dry  sawdust  or  powdered  8 
The  time  of  heating  was  one  hour,  and  the  maximum  tem] 
was  maintained  for  one  hour. 

Cubes  which  were  set  in  water  were  dried  off  on  a  radi 
twenty-four  hours  before  heating  in  the  muflSe  to  the  temp 
recoraed. 

During  heating  some  of  the  cubes  developed  fine  cracks 
faintly  shown,  wnich  enlarged  after  a  few  hours  or  days  had 
Photographs  are  shown  illustrating  the  progressive  develop 
these  cracks.  In  other  cases  the  cracks  appeared  more  pi 
Among  those  which  were  heated  to  the  hi^er  temperatures 
series,  which  ranged  from  200^  to  1,000°  F.,  there  were  c 
badly  cracked  as  to  be  unsuitable  for  testing. 
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(OOO 

OOO 

oiwoi 

o 
o 

O     "rH 

00  OOO 

c4^co 

rHrHi-t 

t^ooo 

OOirH 

8S^ 

OOiO 

OOiO 

»oo© 
io»d<© 

OOO 

to  ICO 

lao 

O     "rH 

OiOO 

.o>o>d 

OiOO 
O>od^ 

•OOO 

»OiO»0 

32S 

lOiOO 

OiOiO       lOiOiO       tOOiO       OOO       kOiOiO       to       OiOO       OOO  O  lO  O       lO  lO  O       OOO 

odeOeO        c4oOrH        rHCJd        i-irHi-H        rHodoi        O        aOr^l>        lOr-ioJ        OOlO        O^rH        CJ^CJ        OOrH 
^HiHiH        fHiHiH        iHrHrH        iH  rH  rH        rH  tH  rH  rH  v^r^f^        iH  rH  rH 


coeoeo     cocoeo     coeooo     eoeoeo     eoeoco     co     -^'^-^     '♦•^-^     -^-^eo     ■^eO'^i'     ooeoeo     ooeoeo 


OtOO       lOiO  OOiO       OOO       OOiO       O       OOO       OiOO       OiOO       lOiOO       OOiO       tOiOO 

C4C4C«        rHiHO        rHrHc4        CI  ci  ©4        C4  rH  rH        rH        00  00  00        O  tO  C<^        oi  00  0>        00  od  A        OaOaOO        00 1^  00 


8    §5 


o 

1^ 


o 


o 


?i    §5 


2 

55 


y.     » 


2 


a    s     i 


o 


s     s  s     s     s     s 


o 


454 


CEMENTS,  STRENGTH   AFTEB  HEATING. 


I 


a  Hi  a 


i 

a 


**i^r»'*     ■^■^■^     WfHr-i     OiO»o»     o»<o(0     Mtoeo     oco     toeot^.   c«c<o     r«aooi      «o^i-i 
.     *    ' rA     i-irHr-i     c4cJc4     cJoioi     eieooo     ^eo-^     idV        *ih    *     eoo-^     ooko      V"«^-^ 


iCiAO       OOO       lOiOiA        OOO       OtAiO       0>CiO       lO  O       lOOiO       iCOO       OlOiO        003 

a"'iH     r-iv-iiH     fHfii-;     c4c>ic>i     oicm'm     oooico     eom        't-i*     cj'^oe     adr<^(d      .-J^»4 


H 

2 


O       ' 


lititCO       OOiA       lOkAiC       OOO       OtOtC       OOO       OO       iO>00       iO>00       OOO       tOOO 

^iCic«o     lOiO'^'     cJ'^id     edeO'^     eoe<5eo     ^Meo     eoeo     c^c^pi     T-iodoi     eoidao        *e9eo 


o 

H 
O 


o 

n 

en 

H 
»-) 
pq 

H 


_000       OOi« 


doo     OOO     OOO     otoo     lAO     oia*o     oino     oioio     looo 
r'jif^     idiotd     io«o«o     r<:iOtb     tdtd     edeoci     -^cici     i-Jei-r      rA-»r-^ 

f-4iHr^        rHiHiH        iHr^rH         ,^  r^  rH 


I 


I 


i 


I 


KOtO^      to 


OO'^'T        ^ 


S  :  : 

OS    .    . 

^  :  : 


&     &     &     &     & 


i   & 


B,     a 


CEMENTS,  STBKNGTH   AFTEB  HEATING. 


11 

0  8-3 


•So  CUOQp 


15.6 
15.5 
15.7 

00 

00  CO 

o>oo 
ooodr-^ 

oo»o» 

lOOOOO 

-"TO 

S2 

ooo 

£533 

,000 

ass 

Ifl 

U30 

lOiOO 

lOOiO 

OiOO 

OiOtO 

iftOiO 

O 

OtOiO       lOiCO       lO  lOO       ooo       OUSiO       OiOO       ooo       OiAO       lOiOO      %ei 

1-i  1-4      '  '     '(-4        r-4  rHO        000000        00  «d  lO        OOOOiO        CI  09 '^        i-i  CJ  CO        r-4  iH  rH  *C 


03  CO        00  00  00        000000        000000        00  00  00        00  CO  OO        000000        00  00        ^ 


OiOiC       OiOO       O  OO       tOiOO       lOiAO       ooo       OiOiO       OOiO       OOiO       OO       *o 

ooeocj     coeo'^     c4         c4c4     OrHr-i     cidaoi     ododot     aSaoai     ooodod     odaooi     ooo     lO 

r-».-n-t       i-ti-tfH       r-t  rHiH       rH  iH  i-t       i.^  i-< 


'^^4*^        "I* '*f  ^        OO  00  00        00  00  OO        00  00  00        000000        OOOOOO        OOCOOO        000000        0000        ^ 


^ 

! 

- 

^ 

- 

- 

i 

- 

- 

- 

' 

i 

t^'*'*       lO 

to 

«o 

t- 

00 

s 

r-t 

CI 

s 

s 

r-t^t*     r- 

IN 

c^ 

d 

<N 

CM 

C< 

- 

c* 

w 

CI 

iHiHrH        tH 

iH 

IH 

»H 

rH 

'^ 

"^ 

rl 

^~* 

IH 

i 

1 

t 

5 

< 

^ 

«! 

< 

i 

00 '^ 

o 

o 

o 

s 

o 

o 

5 

o 

o 

9 

o 

o 

IH 

" 

r-l 

iJ 

s 

K 

1 

i 

i 

i 

1 

1 

5 

^ 

£     s 


I 


S       a 


O 


a     a   a 


456 


0EMENT8,  STBENGTH   AITTEB  HEAllNG. 


o 

H 

2 


o 
3 

o 


1 

i 

^t 

IP! 

^X3 

•o 

^ 

2| 

^ 

$T5 

« s^ 

s 

' 

be  Manka 
in  air  ba 
cracks    I 
No  new  c 
uponhea 

— 

— 

— 

H 

•       OOSCS 

eococs 

«oc^<« 

t*»-< 

Oft-** 

oo-t 

00 

«O00«C 

«  ^•^ 

i 

^WM 

sas 

ssSiS^ 

asis 

S58S 

»s 

OC 

»-«      I-l 

r^C4C( 

a 

lOOC 

•oioa 

lOiOC 

lOOO 

ooc 

tOOO 

lAC 

lO 

OtOC 

OlOlO 

l^«i. 

»a»9 

fHOOC 

^>6ui 

<o«o 

«t^^ 

OC- 

dc 

iH       r* 

rHr^rJ 

iHf- 

bo 

»ooir 

»ooc 

OOifi 

tooo 

lOO 

oc 

lOC 

o 

OtC 

lOiOC 

OiOiO 

3 
1 

|3S2 

Sas 

oiio«a 

^«^ 

M«e 

dcl« 

^<N 

« 

ss 

sJas 

sss 

1 

eocow 

eoeooc 

eococc 

eoeocQ 

cocoes 

eoeOGC 

coca 

CO 

coec 

eoeoec 

eoeooo 

^ 

a 

"S 

•< 

i 

1 

o©»c 

Oioa 

lOtOiC 

ooo 

•ooc 

uaoc 

OC 

lO 

OiC 

iPOC 

ooo 

^ 

-^OJ 

ec 

eocJec 

eo<d« 

'oo^ 

■*cc 

•e 

OQ 

ss 

ass 

«c^'«' 

^ 

■'I'-* 

•^■^'W 

eoeq 

eoeoec 

00  CO  00 

O 

4) 

3 

1 

ts 

m 

1 

2 

,' 

1 

§ 

^ 

n 

1 

i 

i 

g 

§i 

•12 

i'- 

XOCO! 

2SS 

s 

cJ 

s; 

8 

Or* 

r- 

ri^eo 

5 

^<N 

c^ 

dC^C^ 

<NMCN 

M 

<N 

w 

o 

«(C 

(O 

«©«o«o 

1 

5^ 

r1 

— 



r-1 



»'-• 

tH 

r-r-^ 

r^r-.^ 

i-<r- 

rl 

t-lrHT-< 

^ 

^ 

^ 

; 

" 

• 

^, 

• 

: 

: 

: 

« 

u 

u 

ki 

U 

M 

M 

^fl 

s 

ii 

S 

S 

S 

5i 

S 

'1 

«8 

08 

00 

09 

08 

« 

M 

U 

h     I 

5 

i* 

i^ 

^ 

^ 

^ 

^ 

^ 

:< 

< 

<     '■ 

1 

© 

ooc 

o 

ooo 

OOC 

OC 

o 

OC 

o 

o   • 

s 

ss$^ 

SS 

^s^ 

!^^S 

1^^ 

8!i 

S3& 

■3 

^: 

1 

^ 

•d 

r^ 

r-i 

rH     • 

I 

1 

" 

♦J 
a 
a; 

i 

i 

1 

4J 

.1 

n1 

i 

iH 

-* 

-  : 

1 

z 

2 

$!< 

^ 

Jz; 

s;; 

z, 

• 

«j 

B 

g 

o 

<! 

t 

P 

I 

s 

1 

^ 

s 

s 

& 

S 

B 

<s 

& 

^ 

I 

I 

1  I 

is?  ft  I     iS  5  s 

iL-^J ^_^_ 

e4r-«'««i     t^OrH     lOiOio     -^  00 -*  00  "*  »o  c<  00  c<  00  rmo  <oa»o»  c<iHr» 

O00OC4     td-^-^     «otoid     •HC>if^«ideo  eoeoeo  i>^t<^«D  ooSoS  fiSS 

OOia       lAOKS       OOiO       OOOiPOiO  tOOiO  OiOO  OiOiU  OOiO 

ciciiH     0000C4     •^■^co     i-i  d  (-i  ■<«! -^  ci  cic>a»  mclei  •O'*'^  lOioio 

iH  fHrHiH  r^t-liH  rHfHiH 

lOOiO       OOO       lOiOO       tOiOiOiOOO  tOiOiO  OiOO  OiOiO  tOOiO 

C4^ci     doo     o>o»ci     <d  to  r<^  oo  «o  lO  -^'<«*^  c4eieo  odd  dr-iri 

eoeooQ     oocoeo     ooooeo     '<i'^^^^^  eooooo  ooeoeo  eoeoeo  eoeoeo 

•O       O       lOOiA       lAiCtO       lOiOiOOOiO  OiOO  OOO  OOO  lOOO 

-<9*d^     0Qeoc4     eoooio     t^ooaooodr^  oDodod  ddd  doid  ddi-i 

v^        1-t        i-ti-ti-J        f-1iHr-t                                  t-l  iHt-< 

eo  ^  CO     eoeoeo     eoeoeo     ^■^^f^^^  ^■^^  '•i'^^  ^^^  ^^'fl' 


coeoio      «ot^t^     oooot^ 


ooa»     •*««     ij" 


3«o<o     <o«oto     to 


tototo      «0;0(0 


(OiOiO       (O 


to  to  <0       (O 


oo©     © 
mmS     CO 


OOO      ooo      o 


ooc      © 


a     <s     s     <§   .§     a 


o 


458 


CEMENTS,  STBENGTH   AFTES   HEATING. 


H 

< 


H 

H 

Pi 

b* 


O 
H 

Q 
H 


O 

m 
PQ 

H 


o 
o 


.9 

08 

a; 

08'^ 

^o 

^     <D 
•.ft 

C3    ^ 

O   cr 

-?! 


I 


"•fa 


j 
S 


B1 


ill 


5 


IS 


I 


si 


a| 


I 


ill  SIS 


i§  §§§  §i§  §§i  ill  § 


aaook     aokoo     otooo     oorooo 


l§ii 


§§§  §§§ 


§§§  § 


l§ii 


§§§  §§l 

sag  ggg 


§§§ 


§§§  §§§  §§§  § 


SS9 


S3S 


s?s  s 


sass 


<ototo     *6t6%6 


3SS 


sss 


oBoDO       w 


|SSS    8SS    888 


SS8 


8SS 


8S3    S 


|S8$ 


&8S    8SS 


^^g 


SS8 


SS8    S 


O  d>  O       Ok  9t  A 

^eo-^     coeoeo 


8SS    SSS    SSS 


S8S    S 


I 


r 


■e"^ 


faOO      t,00      fcOO      faOO      &u  O  O      fc  O  O      fc!  O  O      fc* 
•CO  "CO  "0*0  "O"©  •O'C  "O"©      '^•O^      '^ 


Si 


s     s 


o 


a     a     a    a     a 


«  2 

g  § 

.  ■§  ^ 

1^  it 

1*  '2a      S 

5b  So   S 

I  g  6 

ii§  ill  §11  §i§  §§i  §§§  ii§  §§ 

eocfo     lOiccf     «'*«  lococi  locooo  r^cSef  iHO'^  oTo 

i§§  i§§  §§§  i§§  §i§  §§§  §§§  ii 

§§S  §12  §§§  §¥i  §aa"  S§§  §"i§"  S§ 

Mi  §§s  §'§§  §§§  §§§  Mi  ih  it 

8SS    SSS    SSS  ^S8  $|S3  SSS  383  3S 

oioto     (dtdic     <o«o«o  id<d«o  (o<o(o  «ioio  <oto>o  <di£> 

A  C»  9       Ol  Cb  d)       9  0  9  00  9  0  999  999  999  99 

00  00  00  CO  00  cc  oo  ^  00  00  00^  CO  00  CO  oococQ  eooQco  ec  oo 

8SS  §g§  SSn:  $^S  S88  888  SS3  38 

^^■^   -^i"-*  ■^■^■^  i*^-^  ■^■^■W!  ^^■^  •^■^^  i"o6 

;^S&  SSS  ^3S  gS8  S33  S3S  8^§  38 

■<*-**'^      l'-^'^      -^^-^  ^-^^  ^'I'l!  •^■^■^j"  ^^1"  1"-^ 


be 

03 
03 


^o©     fc^O     ^oo     p^OO     p^OO     ^OO     f^OO     p^o 

o 
52; 


S5g3gJ    c3?JS    ScSS    888    SSS    SSS    i:;^ 


ass    888    8S58    88S5    888 


88 


Q 

be 

a 

■^ 

o 


5 

O 

c5 

- 

o 

- 

o 

o 

o 

o 

O     ' 

4^«j^  ^*:^  «j«:«;  «;w«j  «iw«i  4j*i*i  «j«J«i  -m^j 
SSS  SSS  vS^  SSo  SsS  3SS  38S  SS 
^z,^    S5S52;    J'?;>?;;z;    ?;5?iV^.    'A^Zi    »»5z;    ^kjz;    sqa 


o     :  o  :     :  o  ;     :  o  :     •  o  •     •  •  o     •  o  o     : 

Q  Q  Q  Q  Q  Q         <^0 

•^     cm"o3     m'^oo     d'^eo     !?*'^co     c*oo"     eo"*^     m 


« 


^<;^-<-<j-.;<;-<-<^ 


-<*< 


460 


CEMENTS,  UTBENOTH  AFTEB  HEATING. 


be 

ee 

a 

o 

*3 

2 

<v 

^ 

^ 

^ 

^ 

Q 

<4H 

-S 

a 

^1 

0) 
S 
8 

-3 

a 

«4H 

li? 

o 

03 

n3 

a 

g 

1 

PQO 

I 


el 

E2 


iil 


•s  gag's 

^  ly  52  Co 


I. 


III!  ill  IIS  ggf 

SViO"*     V'^V     eooooo     VcoV 

#11 


IS88 


88?f 


l§§ 


!§§§  §§§  i§§ 


1^5388 


7SS 

(Old  to 


SSBS 

<did«0 


5 


§ 


|8SS 


gS8 


SS8 


SS3 


Veoooeo 


S3S 


eoeoeo 


"S  ■*  ^'  "^ 


SSd 


sss 


o 


i 
I 


a 


OOO        CICICI       ■^■^'* 

i-(i-<r-l         i-lrlfH        C4C^e^ 


CO  cc  eo      00  00  oQ     oocceo 


1 


OOaOOO       <0<0<0       ««'*•* 


MCOOO       CO  CO  CO       CO  00  00 


b^^^ 


OOO       OOO       OOO 

^s^    ^^^   ^^^ 


I 


is'i 

AQ 

be 

.s 

03 
CO 

O 


o 

bo 

a 


'o 


gg 


§§ 


ss 


COM 


8$ 


s;s^ 


oo 


H^  I 


00 

a 

a 


OQ 

CO 

'■a 

a 

03 


07 


C 

07 

s 

1 

OD 

p 
O 


OS 

S 


Is 


IP 


iii§  ill  §i§  ill  §ig  i§i  III  SIS 

I 


MMci     cfeiw     eoeoeo     cf««o     weccc     eoVco     eocoeo     eocfeo      co 


!§§! 


«"SS  58gS 


III  i§§  ill  i 

ess  gss  s^'5  sj" 


|§l§  ill  §§§  §11 

I855S"    Sa^"    Sf^'5"    8S5? 


§§§  §i§  §§i  § 

25£5    ^"gg    SSS5    S" 


§1 


S8S! 


^S8    8SS    SSS    ;:: 

tdtd^d     tdiotd     toiOio     o 


88Sg 


o  Oft  9>     o9>9S 
yfc6e6     -^eoeo 


ei-^-^     CO  ■^  -^ 


383    8&S    ^SZ    S 

^■^-i*      ^eo-^      eo-^oo      eo 


s 


I- 


S 


Veoeoeo 


S3S    88S 


SSS    8S8 


88^    88$    8SS    S 

■^•^oi     ■^'^eo     «*eooo     •^ 


38S 


S8g    &SS 


8S3    $8$ 


00  00  CO     CO  ^  eo     oooo^t*     co 


bo 

03 

fl  ^ 
8.2 

•si 


li 
II 


I 


I. 

:3 


8 


I 


4| 


I 


I 


I 


1 

I' 


.•s 


2; 


8 


2 


5z; 


J5 


J5 


^(SSSSSSS 


462 


CEMENTS,  STRENGTH    AUTEK   HEATING. 


M 
O 

S 

at 


g 

I 

bo 

d 

o 


ag 

Sis 
c  ■> 

o 


3 


CO  CO  oo     oooofio     CO  00  00     00  C4  eo 


00  00  00     CO '^  00     00  CO  00     doooo 


gg 


1^ 


^ 


s 


I  ill  Hi  §§§  III  §§§  §§§  §ig  §g§  i 

it! 


III  §§§  ill  §§§  §§§  §§§  §§§  § 

S8S    S9"S    S¥S'    S"S?S    SS8    SSS    5SS    3 


I  ill  111  ill  ill  §i§  §§§  §i§  §§i  § 

I    S8S3    383    S3S    SSS"   S'SSS"   988    3?SS    Sf9S    S 


s 

^?22 

S^SS 

ssss 

S8?I 

5S38 

S^S 

SJS^ 

sss 

c« 

:5r 

S2S 
SS8 

8gS 

JO  JO  JO 

S28 

8SS 

sss 

SSS 

ISSiS 

SS5 

s 

1 

S3& 

SS3 

sss 

838 

8 

I  "'' 


'<•"*"««•     '^^"^ 


CO  CO  CO        00 


gS^    &$$    SSSS    S:SS    ^38    S:S&    8 

50000     'fl'oo'^     'fl'odoo     '^oooo     oo'^eo     edeo^     co^eo     -^ 


3SS  38S  %ZZ    S8S  S8S  SSS  8SS  S^S  S 


I 


a; 


1 

I 


i 

55 


:z< 


S 
:? 


ssssssss 


CEMEKT8,  STRENGTH   AFTER   HEATING. 


c 


O 

(a 

a 


05 


S 

03 


a 

§ 


a 


pq 


I 

a 


n 


it 


ssl 


s 

I 
I 


As 

5" 


s 


|1 


1 
I 

a 

>  &    s  s* 

liii  ill  ii§  sii  iii  ii§  §ii  ig 

l^^cr  ^^^  ^..^  c.^^  ^^^  ^^^  ^^^  ^^ 

-iiii  §§§  ill  §i§  §§g  §i§  §§i  §i 

|!S83    SSfSf   8¥S    ^SU    SSif  SW  aSSf  BK 

liii  §§§  i§s  §§§  §§§  ill  §i§  §§ 

|8aa  sss  ass  sas  ssa  S!^a  as;^  s's 

|3^a    $SS    SSS    SSS3   9SU    ^^S  83S  i?^ 

•  co«o<o     cocdo     «»«dio     to<dto     ^to<d     idtocd  idid^d  ocd 

^^^     ^^^     ^^^     ^^^     ^^^     ^^^  ^^^  ^^ 

I'SSS  SSS  SSS  S8S  333  SSS  S^8  SS 

V'^'^^   ^^-^  ^■^'^       •^•^•^       ^-^^       OOrf^  ^■^«q«  -^^ 

13^83  SS$  gSS;  3SS  8S8  8SS  3^8  S8 

geo'*-*  <^coeo  -^-^oo  "Hrco-^  -^iJij"  tjS-^co  ooeo-^  coec 

s8^&  338  333  3S8  3SS  838  88S  8S 

'g'^ooco  eS'^r^  e*co-^  co-^eo  eoeooj  ■^eo'^  ■^•^oc  ttw 


fe^ 


00 


I 


i     &     & 


&     &     & 


464 


0EKENT8,  8TBEKQTH   AFTEB  HEAXIKO. 


£     \  tU  I  |i§§.  ii§  lii  ii§  ill  §ia  i§§  §g§  11 

■Sjd  '^  o*^         geooooo   Veoeo   «eoeo   Voooo   -^co-^  Veo^  V-^'oo   Veoeo  «!-«' 


3    I  !§§§  §§§  §§§  §11  §§§  §§§  §§§  §§i  §§ 

g   I  I  S3  8  PSS  SSS  SSS  ?2SS  S88  ?2S5'  SSS  8S 


ES 


Hi 


s 


as 


to 


o 


.a 


OD 


to 

0 

Q 


0? 


si 


!§§§  §§§  §§g  §§i  §i§  §i§  §§§  §§§  §§ 
1^ 


inz^  ss^  ^j9'jB  ?:»s  ^9^  ^^^^  ^9S  s^s  i^s 

**'«d<e(o   <e^<e   uitotd  Kotd^o  <o«d<e   cotous   (0«d«d  <ototo  «d«o 
^^^^^   .  ^^   ^^^   ^^^   ^^^   ^^^   """   -^^ 


|SS2  S38  SSS  8SS  88S  S88  SSS  888  SS 

V^"^^  ■^■^V  V'*^  ^ijJ'f  ■^■^V  'l"'^-^  ■^'*'*  ■^■^'1"  -^^ 


^288  888  888  888  SSg  8^$  888  88S  8S 

"S'*"*-^  ■^■xjJ'^  ^■^'*  •^'^■«9«  '^■<t<'^  ^"^ieo  ■^•«i«'*  '^'^ed  "^V 


j888  8^8  S^^  888  885  S38  ^88  8S8  $S 

•^"^'9'"**  "^flS^  "^1"'^  ■^•^^  ^^i«  'Ti-'f  •^i"eo  ^«^  eoeo 


I 

a 


43e 


2 

5 


.  o   .  .  O   •  .  O   1  .     .  .   ^ 


OkAOk     aOaOSO     (OtOtO     iCiA<»<    iOiO'«t<     ^'^^     000000    OO 


5 « 00  00    '^■^•^    lAiOiO    f-r^f-     QOOOO*    o»o»p    pOQ    »H»^^    •^•^ 
<5 


£'^•^'11     C4IMIM     C1C4C4     WMOl     C*  «M  W     CI  C4  C4     ?<  C*  N     CI  C4  C4     CI  CI 


'^OOO  OOO  OOO  OOO  OOO  OOO  OOO  OOO  OO 

h§S93S  §S^^  §S$^  §SS8^  §S^^  $$^  S^^  §^^9  SS^ 


c 


"I 


I 


*i^*i  *i*i*i  *i^*i   w^i^i  *i*i»i  *i*i*i  ^*i*s  *s^*i   «j^ 

sss  sss  sss  SSS  SSS  SSS  IS§  sss  ss 

tzsSzjjz;  ^^^  S55z;2r;  a?;^;^  |z;/;S5  S?'.^;?;  y<'A^  Jz;Jz;S5  '^55 


«t^M   «i,!Q   «»^Q   t^fiW    «ot*'w   (S(Sq   ^t-'Q    <ot^W    «or>.' 

iHlH  l-<rH  »Ht-(  iH  i-l  fH  »-«  r-<  fH  rH  *H  iH 

SS     SS     s;^     S       S?^  ^;^     -^^     ^^ 


5S§ 

ax 

bus's 

•Ig-s 

QuoS  ^ 


g 


2.1 
S  a 
fl^ 

^  £l 
©  o  "^^ 

fe  S  © 

tog  a 
.9 
08  ©-is 

08    ^    © 


J3 


S  © 

a  ^ 

:a   ^ 


^  s 


© 


'5  ^©  ® 

c^'^  ©1^ 
©  S  » 

©  D-^'O 
S  tO©JC3 

.ei5 


^  "*  b    t 


3|li 


w^  rf  "^  -- 
f  tS'S   -S 

I  §3 II 


i     i     &     i     B, 


l§§§l 


§§§  §31  ig§  §§§  §i§  §11 


m  ii§  gii  IIS  ii§  iii 

r^r^oT     tot^rJ"     torCoo     tAtoto     <6-^t>     eo-^t^ 


sgf 


!§§§§ 

goo  00  00  oT 


I  :i  ill  gi§  §ii  %m  m% 


r-    •©»     ?or»»^      (Ot«ao     >oto«o     eooir^     eo'^t^ 


sss  sss  ss«  §^s 

«d<o<d     «o<e«d     «D(d<o     <d«Dco     >cco(d     <o«dtt» 


be 

a 

M 
03 


o 
bo 

o 


^ 


i 


8 

I- 


II 


I 


Sas   S82    SSS    :iS;3    gS8   fegS 


S8S;    S;SS    SS;S    SSS    SSsS    SS3 

•^•^00     eiSooeo     •^co"*     o6-<9*eo     eoeoeo     '^eO'^d* 


SS;^   8SS   $S^   S$5   sss   ssss; 

coe^'^     •^^•^     co'^eo     ooeo^     •^■^vi     eo^eo 


fcOO      (k;00      fcOO      fcOO      j^^O  o^ 


liil 


I 


I. 


I 

I 


5 


t^ 


aas  sss  sas  sss  sas  sss 


»_(     iHi-iiH     iHrHoo     eoeoio      cor<-t»     coaot* 


tOi<d«0       «0<0<0       «0(0(0      <o<oto       <0« 


ooo  ooo  ooo  ooo  ooo  ooo 

d^d  ddd  ^S'^  ^^^  dd^  ddn 


H.  Doc. 


id 
335 30 


^Sd  <^^^  S^^  ^^^  S^Sq  QQo^ 


400 


CEMENTS,  STKKNOTH   AFTEB   HEATING. 


to 

.3 
'■2 

u 

.2 


OQ 
O 

be 

O 


b 

IS 

o  « 


a  6  6     odd 


thAO 


is;; 


mB  iii'igi  §11 


2c<Cic4"ci       eiiHW        rH.-^cl"       C«fi-i"cf       rHC«e«        cff-^r-J"       iHr^r 


III  §11  §§§  §i§  §§§  §§§ 
s^'s  s'ij's  s's's  sss;  sas  s's's' 


|i§§i 


III 


feS'S    55S5    ass    S"S2 


ii 


a 
o 


a 
S 


't  «d  «d  «d  <o 


S8? 


SSS    ^9S    'SSS    ^^9, 

<0  to  CO   to  CO  CO   ^O  CO  to   CO  CO  to 


11 
I" 


388$  SSS  SgS  SS2  222  S2S  S 


|8gS2 

"V  "f  ■^'  •*"  -^ 


SSS    S8S    SS8    SS|3    &SS    ^$8 

•^^^     '*'^^     ■^^■•^     eoeo^     •*«!■*''*     eooo"^ 


^SS$3  S88  S88  S88  888  &SS  888 

•^eO"«i«W"*     eo-^-^j"      •«»«"«f'^     -^-^'^      •«»«'^-^     eoeoeo     "^-^-^ 


='1 

E-IJ3 


2 
5^ 


C^<N«M        i-^i-H^       l--t>.t>.        CO^tO       lOiOtO       ^^•^ 


SJ'r-l.-liHp 

5 


i»aka>     Okoo     eoeo-^     '^•^-^     toiou?     co«o«o 


0  to  o  cc  <o      <o  (O  ^      ov^      to  to  w      to  to  to      to  to  tS      tOtttO 


ooo     ooo     ooo     ooo     ooo     ooo 
mmeo     Sww     8SS 


"I 


I 


t^QQj     JqQ     sd         S     Ski     SS^^     '^S^     AQQ 


i^        S    S  SS        S    »    S 


Si^ 


CEMENT   AND    MORTAR.       ELASTIC    PROPERTIl 

CEMENT  AND  MORTAR  PRISMS— COMPRESSIVE  ELASTIC  J 
Cement  and  Mortar  Prisms. 


\^<   Cc<ge;cyegg  g<9yg^7^>X 


X^^ 


No.  1468. 

Marks,  Alp.  March  8. 

Composition:  Alpha  cement,  neat. 

Water  used  in  gauging,  21.9  per  cent  of  cement. 

Age,  set  in  air,  1  month. 

Weight  per  cubic  foot,  136.6  pounds. 

Dimensions,  23".94X3".84X6". 

Sectional  area,  23.04  square  inches. 

Gauged  length,  20". 

The  cement  was  lumpy  in  the  barrel. 


Applied  loads. 

In  gauged  length. 

. 

Remarks. 

ToUl. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 

Ptmiids. 

Inch. 

Inch. 

2,304 

100 

0. 

0, 

Initial  load. 

4,608 

200 

.0008 

.0001 

6,912 

300 

.0014 

.0001 

9,216 

400 

.0020 

.0001 

11,520 

600 

.0028 

.0001 

13,824 

600 

.0034 

.0001 

16,128 

700 

.0042 

.0001 

18,482 

800 

.0048 

.0001 

20,736 

900 

.0065 

.0001 

23,040 

1,000 

.0061 

0. 

27,648 

1,200 

.0075 

-.0001 

82,266 

1,400 

.0089 

0. 

36.864 

1,600 

.0101 

0. 

41,472 

1,800 

.0115 

.0002 

46,080 

2,000 

.0131 

.0004 

E  (500-2,000)  «3,000,000  pounds  pei 

50,688 

2,200 

.0146 

.0006 

65,296 

2,400 

.0161 

.0008 

59,904 

2,600 

.0177 

.0010 

64,612 

2,800 

.0192 

.0014 

69,120 

3,000 

.0206 

.0016 

£  (500-3,000)  »3,030,000  pounds  per 

Test  discontinued. 
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No.  1468a. 
Test  resumed  after  an  interval  of  6  months. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Ck)mpre8- 
sion. 

Set. 

Pounds. 
2,304 
11,520 
28,040 
36,864 
46,080 

59,904 
69, 120 
82,944 
92.160 

105,984 
115,200 
129,024 
138,210 

152,064 
196.500 

Pounds. 

100 

600 

1,000 

1,600 

2,000 

2,600 
3,000 
8,600 
4,000 

4.600 
5,000 
5,600 
6,000 

6,600 
8.530 

Inch. 

0. 

.0028 
.0060 
.0097 
.0121 

.0158 
.0181 
.0224 
.0250 

.0288 
.0325 
.0370 
.0406 

.0463 

Inch. 

0. 

.0001 
.0004 
.0006 
.0008 

.0010 
.0010 
.0013 
.0015 

.0019 
.0026 
.0031 
.0036 

.0045 

Micrometer  reset  at  aero. 

E  (500-2,000)  =3,488,000    pounds  per  square 
inch. 

E  (2,000-4,000)  =3,279,000  pounds  per  square 
inch. 

Cracked  along  edge. 

E  (4.000-6,000)  =2,963,000  pounds  per  square 
inch. 

Ultimate  strength. 

No.  1474. 

Marks,  Alp.  April  26. 

Composition:  Alpha  cement,  neat. 

Water  used  in  gauging,  21.9  per  cent  of  cement. 

Age,  set  in  water,  1  month.     (First  2  days  in  air.) 

Weight  per  cubic  foot  (immediately  after  being  taken  from  the 
water),  137.3  pounds. 

Dimensions,  24".05 X 3".85 X 6".08. 

Sectional  area,  23.4  square  inches. 

Gauged  length,  20". 

The  cement  was  lumpy  in  the  barrel.  Prism  had  a  cmck  along  one 
edge  when  taken  from  the  mold. 


L 


In  gauged  length. 

Remarks. 

Total. 

Per  square 
Incn. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,340 

100 

0. 

0. 

Initial  load. 

4,680 

200 

.0001 

0. 

7,020 

300 

.0003 

0. 

9,360 

400 

.0006 

0. 

1J,700 

500 

.0011 

0. 

14,040 

600 

.0016 

0. 

16,380 

700 

.0023 

.0001 

18,720 

800 

.0030 

.0001 

21,060 

900 

.0035 

.0002 

23,400 

1,000 

.0046 

.0004 

28,080 

1,200 

.0064 

.0008 

82,760 

1,400 

.0078 

.0009 

87,440 

1,600 

.0095 

.0011 

42,120 

1,800 

.0109 

.0012 

46,800 

2,000 

.0121 

.0012 

E  (600-2,000)=3,061,000   pounds  per  square 

51,480 

2,200 

.0186 

.0014 

66,160 

2,400 

.0149 

.0016 

60,840 

2,600 

.0164 

.0016 

66,620 

2,800 

.0179 

.0018 
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No.  1474 — Continued. 


Applied  loads. 

In  gauged  lengtb. 

Remarks. 

Total. 

Per  square 
iDch. 

Compres- 
sion. 

Set 

Pounds. 

Pounds. 

Inch. 

Inch. 

70,200 

8,000 

200 
600 
1,000 
1.400 
1,800 
2,200 
2,600 
2,200 
1,800 
1.400 
1,000 
600 

.0192 

.0025 
.0051 
.0075 
.0101 
.0125 
.0149 
.0172 
.0152 
.0181 
.0109 
.0085 
.0069 

.0019 

200 

.0081 

.0019 

200 

.0024    ' 

600 

.0051 

1,000 

.0077    ' 

1,400 

.0102 

1,800 

.0126 

2,200 

.0150 

2,600 

.0178 

2,200 

.0158 

1,800 

.0182 

1,400 

.0110 

1,000 

.0066 

600 

.0061 

200 

.0080 

.0018 

Prism  returned  to  water  bath. 

Test  discontinued. 

No.  1474«. 

Test  resumed  after  an  interval  of  4  months. 


Applied  loads. 

In  gauged  length. 

Remarks. 

ToUl. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
2,340 
11,700 
23,400 
87,440 
46,800 
60,840 
70,200 
84,240 
98,600 

107,640 
117,000 
131,040 
140,400 

216,700 

Pounds. 
100 
600 
1,000 
1,600 
2,000 
2,600 
8,000 
8,600 
4,000 

4,600 
5,000 
5,600 
6,000 

9,260 

Inch. 

0. 

.0016 
.0088 
.0064 
.0082 
.0109 
.0128 
.0156 
.0177 

.0206 
.0226 
.0263 
.0288 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0001 

.0002 
.0008 
.0006 
.0008 

Micrometer  reset  at  zero. 

E  (500-2,000)  =4,546,000  pounds  per  square  inch. 

E  (2,000-4,000)  =4,255,000  pounds  per  square 
inch. 

Cracked  along  edge. 

E  (4,00(M),000)  =3,846,000  pounds  per  square 

inch. 
Ultimate  strength. 
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No.  1471. 
Marks,  Atl.  March  13. 
Composition:  Atlas  cement,  neat. 
Water  used  in  gauging,  21.9  per  cent  of  cement. 
Age,  set  in  air,  2  months  16  days. 
Weight  per  cubic  foot,  134.7  pounds. 
Dimensions,  23".98X3".87x6".02. 
Sectional  area,  23.3  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
slou. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,330 

100 

0. 

0. 

Initial  load. 

4,660 

200 

.0013 

.0002 

6,990 

300 

.0026 

.0003 

9.320 

400 

.0039 

.0005 

11, 6.% 

500 

.0051 

.0006 

13,980 

600 

.0062 

.0007 

16,310 

700 

.0075 

.0008 

18,640 

800 

.0086 

.0009 

20,970 

900 

.0097 

.0010 

23,300 

1,000 

.0105 

.0012 

27.960 

1,200 

.0125 

.0012 

3"2.620 

1,400 

.0142 

.0013 

37,280 

1,600 

.0160 

.0014 

41,940 

1,800 

.0177 

.0016 

46,  (KM) 

2,000 

.0193 

.0019 

E  (.100-2.000)  =2,326,000  pounds  per  square  inch. 

61,260 

2,200 

.0210 

.0024 

65,920 

2,400 

.0230 

.0027 

60.580 

2,600 

.0248 

.0032 

66,240 

2,800 

.0270 

.0039 

69,900 

3,000 

.0291 

.0046 
.0033 

After  resting  1  hour. 

3,000 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

.0287 

.0042 

.0050 
.0075 
.0093 
.0114 
.0134 

.0153 

.0169 

.0186 

0201 

.0217 

2,200 
2,400 
2,200 
2,000 
1,800 
1,600 
1,400 
1,200 
1,000 

.0283 

.0250 

.0238 

.0225 

.0211 

.0198 

.0183 

.0168 

.0161 

800 
600 
400 
200 

.0133 
.0112 
.0091 
.0066 

After  resting  6  minutes. 

.0050 
.0045 

Test  discontinued. 
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No.  1471a. 
Test  resumed  after  an  interval  of  4  months. 


Applied  loads. 

In  gauged  length. 

Total. 

Per  square 
inch. 

Ck)mpres- 
slon. 

Set 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,330 

100 

0. 

0. 

Micrometer  reset  at  zero. 

11,650 

500 

.0044 

.0001 

23,300 

1,000 

.0093 

.0006 

37,280 

1,600 

.0143 

.0009 

46,600 

2,000 

.0175 

.0011 

E  (500-2,000)  =2,479,000  pounds  ] 

60,580 

2,600 

.0225 

.0016 

•   69,900 

3,000 

.0259 

.0020 

83,880 

3,600 

.0815 

.0031 

93,200 

4,000 

.0360 

.0040 

E   (2.000-4,000)  =2,581,000  pou 
inch. 

107,180 

4,600 

.0423 

.0052 

116,500 

6,000 

.0483 

.0074 

127,000 

5,460 

Ultimate  strength. 

No.  1499. 
Marks,  L.  July  14. 
Composition:  Lehigh  cement,  neat. 
Water  used  in  gauging,  27  per  cent  of  cement. 
Age,  set  in  air,  1  month  26  days. 
Weight  per  cubic  foot,  129.2  pounds. 
Dimensions,  24".03X  3".90x  6".03. 
Sectional  area,  23.52  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  sqiiare 
inch. 

Compres- 
sion. 

Set. 

Pound*. 

Pounds. 

rw:h. 

Inch. 

2,362 

100 

0. 

0. 

Initial  load. 

4,704 

200 

.0011 

0. 

7,056 

300 

.0024 

.0002 

9,408 

400 

.0035 

.0004 

11,760 

500 

.0046 

.0005 

14,112 

600 

.0060 

.0006 

16,464 

700 

.0069 

.0008 

18,816 

800 

.0080              .0009 

21,168 

900 

.0090 

.0009 

23,520 

1,000 

20O 
400 
600 
800 
600 
400 
200 

1,200 

.0100 

.0022 
.0045 
.0067 
.0065 
.0068 
.0048 
.0025 

.0119 

.0011 

.0013 
.0018 

28,224 

32,928 

1,400 

.0135 

.0016 

37,682 

1,600 

.0151 

.0019 

42,336 

1,800 

.0168 

.0022 

47,040 

2,000 

200 
400 
600 
800 
600 
400 
200 

.0186 

.0085 
.0057 
.0078 
.0096 
.0080 
.0060 
.0086 

.0025 

E  (500-2,000)  =2,500,000  pounds  pei 

.0025 

472  CEMENT   AND  HOBTAB.       ELASTIC   PBOPEBTIES. 

No.  1499— Continued. 


Applied  loAds. 

In  gauged  length. 

Total. 

Per  square 
inch. 

€k>mprefi- 
Bion. 

Set. 

Pounds. 
51.744 
56,448 
61,152 
65,856 
70,560 

Pounds. 
2,200 
2,400 
2,600 
2,800 
8,000 

200 
400 
600 
800 
600 
400 
200 

200 

400 

800 

1,200 

1,600 

2,000 

1,600 

1,200 

800 

400 

200 

3,200 
3,400 
3,600 
3,800 
4,000 

Inch. 
.0204 
.0222 
.0246 
.0262 
.0288 

.0054 
.0075 
.0095 
.0113 
.0097 
.0078 
.0055 

.0051 
.0078 
.0112 
.0144 
.0174 
.0205 
.0178 
.0150 
.0120 
.0080 
.0057 

.0305 
.0829 
.0352 
.0877 
.0408 

Inch. 
.0027 
.0032 
.0037 
.0040 
.0044 

Crack  at  corner. 

E  (2,000-1,000)  =2,353,000  pounds 
After  5  minutes. 

Ultimate  strength. 

per  square 

.0041 

.0044 

.0049 
.0055 
.0059 
.0066 
.0072 

.0065 

75,264 
79,968 
84.672 
89,876 
94,080 

200 
400 
600 
800 
600 
400 
200 

5,800 

.0076 
.0100 
.0120 
.0139 
.0122 
.0102 
.0079 

.0066 

136,300 

CEMENT   AND   MOBTAR.       ELASTIC   PBOPERTJ 

No.  1500. 
Marks,  L.  July  15. 

Composition:  Lehigh  cement,  1;  sand,  1. 
Water  used  in  gauging.  34  per  cent  of  cement 
Age,  set  in  air,  1  month  26  days. 
Weight  per  cubic  foot,  133  pounds. 
Dimensions,  24".00 X  3".91  X  6.".06 
Sectional  area,  23.69  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Ck>mpre8- 
sion. 

Set 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,369 

100 

0. 

0. 

Initial  load. 

4,788 

20O 

.0006 

0. 

7,107 

300 

.0011 

0. 

9,476 

400 

.0018 

0. 

11,845 

500 

.0025 

0. 

14,214 

600 

.0081 

0. 

16,588 

700 

.0089 

.0001 

18,962 

800 

.0046 

.0006 

21,821 

900 

.0054 

.0004 

28,690 

1,000 

.0068 

.0005 

28,428 

1,200 

.0079 

.0007 

33,166 

1,400 

.0098 

.0010 

87,904 

1,600 

.0116 

.0018 

42,642 

1,800 

.0185 

.0018 

47,880 

2,000 

.0155 

.0022 

E  (600-2,000)  »2,778,000  pounds  p 

62,118 

2,200 

.0179 

.0027 

56,856 

2,400 

.0207 

.0085 

61,594 

2,600 

.0231 

.0044 

66,832 

2,800 

.0265 

.0054 

71,070 

3.000 

.0302 

.0065 

75,808 

8,200 

.0348 

.0089 

80,546 

3,400 

.0412 

.0116 

Cracks  along  edge. 
Ultimate  strength. 

81,000 

3,420 
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CEMENT   AND   MOBTAR.       ELASTIC   PBOPEBTIES. 


No.  1501 

Marks,  L.  July  16. 

Composition:  Lehigh  cement,  neat. 

Water  used  in  gauging,  25  per  cent  of  cement. 

Age,  set  in  water,  1  month,  26  days. 

Weight  per  cubic  foot,  135.9  pounds. 

Dimensions,  24".  13  X  3".  93  X  6". 06. 

Sectional  area,  23.82  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

RemarkH. 

ToUl. 

Per  oquare 
inch. 

Compres- 
sion. 

Set 

Pounds. 

Poundn. 

Inch. 

Inch. 

2,382 

100 

0. 

0. 

Initial  load. 

4,764 

200 

.0003 

0. 

7  146 

300 

.0008 

0. 

9,628 

400 

.0011 

0. 

11,910 

500 

.0014 

0. 

14,292 

600 

.0019 

0. 

16,674 

700 

.0023 

0. 

19,066 

800 

.0028 

0. 

21,438 

900 

.0031 

0. 

23,820 

1,000 

.0086 

0. 

28,684 

1,200 

.0046 

0. 

38,348 

1,400 

.0064 

0. 

88,112 

1,600 

.0064 

0. 

42,876 

1,800 

.0073 

0. 

47,640 

2,000 

200 
400 
600 
800 
1,000 

.0063 

.0003 
.0006 
.0016 
.0026 
.0036 

0. 

£(500-2,000)  =4,348,000  pounds  per  square  inch. 

1,200 

.0046 

1  400 

.0066 

1,600 

.0064 

1,400 

.0064 

1,200 

.0046 

1,000 

.0036 

800 
600 
400 
200 

2,200 

.0026 
.0017 
.0006 
.0001 

.0091 

0. 
0. 

62,404 

67,168 

2,400 

.0100 

.0001 

61,932 

2,600 

.0111 

.0001 

2,800 

.0119 

.0001 

71,460 

3,000 

600 
1,000 
1,600 
2,000 

.0129 

.0013 
.0081 
.0069 
.0079 

.0001 

£(2,000-3,000)  «4,444,000pound8  pdrsquare  inch. 

2,600 
2,000 
1,600 
1,000 

.0109 

.0060 

.0060 

.0081 

600 
3,200 

.0016 
.0139 

.0001 
.0001 

76,224 

80,988 

8,400 

.0150 

.0002 

86,762 

8,600 

.0169 

.0001 

90,616 

8,800 

.0169 

.0002 

96,280 

4,000 

.0189 

.0008 

Fragment  detached  along  edge. 

179,600 

7,640 

Ultimate  strength. 

CEMENT    AND   MOETAE.       ELASTIC   PEOPERTIl 


No.  1477. 
Marks,  Pen.  June  17. 
Composition:  Peninsular  cement,  neat. 
Water  used  in  gauging.  22.2  per  cent  of  cement. 
Age,  set  in  air,  2  montns  13  days. 
Weight  per  cubic  foot,  135.3  pounds. 
Dimensions,  24'M7X  3".90x  6".03. 
Sectional  area,  23.52  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Total. 

Per  square 
inch. 

Com- 
pression. 

Set. 

Remarks. 

2,852 
7,056 
11,760 
14,112 
18,816 
23,520 
28,224 
32,928 
87,632 
42,336 
47,040 
51,744 
56,448 
61,152 
66,856 
70,560 

75,264 
79,968 
84,672 

100 

300 

500 

600 

800 

1,000 

1,200 

1,400 

1,600 

1.800 

2,000 

2,200 

2,400 

2,600 

2,800 

8,000 

3,200 
3,400 
3,600 

600 
1,000 
1,600 
2.000 
2,600 
3,000 
2,600 
2,000 
1,600 
1,000 

600 

3,000 
8,600 
3,800 
4,000 

4,200 
4,400 
4,600 
4.800 
5.000 

600 
1,000 
1,600 
2,000 
2,600 
3,000 
2,600 
2,000 
1,600 
1,000 

600 
1,000 
2,000 
8,000 
4,000 
3,000 
2,000 
1,000 

5,200 

6,710 

Inch. 

0. 
.0011 
.0022 
.0029 
.0043 
.0055 
.0069 
.0080 
.0091 
.0100 
.0111 
.0125 
.0138 
.0150 
.0162 
.0174 

.0186 
.0200 
.0213 

.0035 
.0059 
.0093 
.0118 
.0155 
.0178 
.0158 
.0120 
.0099 
.0064 
.0040 

.0179 
.0216 
.0231 
.0248 

.0261 
.0279 
.0290 
.0306 
.0824 

.0050 
.0071 
.0107 
.0132 
.0169 
.0194 
.0174 
.0138 
.0113 
.0077 
.0061 
.0071 
.0131 
.0193 
.0256 
.0199 
.0140 
.0078 

.0345 

Inch. 

0. 

0. 

0. 

0. 
.0001 
.0001 
.0002 
.0003 
.OOM 
.0004 
.0005 

Initial  load. 

Rested  3|  hours  under  Initial  loa 
E  (500-2,000)  -3,571,000pounds  pei    i 

.0010 

.0011 
.0012 
.0014 

E  (2,000-3,000)  =3,448,000  pounds    ; 
Inch. 

Crack  near  end. 

".66i5  ' 

70,560 
84,672 
89.376 
94,080 

98,784 
103,488 
108, 192 
112,896 
117,600 

.0020 

.0022 
.0024 
.0026 
.0028 
.0080 

B  (3,000^,000)  =3.125,000  pounds   | 
inch. 

.0080 

.0031 
.0035 

122,304 
157,800 

Ultimate  strength. 
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CEMENT   AND   MOBTAB.       ELASTIC   PBOPEBTIES. 


No.  1478. 

Marks,  Pen.  June  18. 

Composition:  Peninsular  cement,  neat. 

Water  used  in  gauging,  27.5  per  cent  of  cement. 

Age,  set  in  water,  2  months  14  days. 

Weight  per  cubic  foot  (as  taken  from  water),  138.0  pounds. 

Dimensions,  24".17x3".88x6".04. 

Sectional  area,  23.43  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Incn. 

Compres- 
sion. 

Set. 

Pounds. 
2,343 
7,029 
11,715 
14.068 
18,744 
23,480 
28,116 
32,802 
87,488 
42,174 
46.860 
51,546 
56,282 
60,918 
65,604 
70,290 

74,976 
79,662 
84,348 

Pounds. 

100 

800 

500 

600 

800 

1,000 

1,200 

1,400 

1,600 

1.800 

2,000 

2,200 

2,400 

2,600 

2,800 

3.000 

3,200 
3,400 
3,600 

600 
1,000 
1,600 
2,000 
2,600 
3,000 
2,600 
2.000 
1,600 
1,000 

600 

3,000 
3,600 
3,800 
4,000 

4,200 
4,400 
4,600 
4,800 
5,000 

600 
1,000 
1,600 
2,000 
2,600 
3,000 
2,600 
2,000 
1.600 
1,000 

600 
1,000 
2,000 
3,000 
4,000 
3,000 
2,000 
1,000 

5,200 
6,720 

Inch. 

0. 

.0013 
.0023 
.0028 
.0038 
.0048 
.0060 
.0070 
.0081 
.0093 
.0105 
.0116 
.0127 
.0140 
.0158 
.0164 

.0176 
.0189 
.0200 

.0040 
.0002 
.0094 
.0115 
.0149 
.0171 
.0160 
.0120 
.0099 
.0068 
.0044 

.0169 
.0201 
.0216 
.0227 

.0240 
.0256 
.0273 
.0289 
.0306 

.0054 
.0078 
.0112 
.0136 
.0168 
.0202 
.0173 
.0141 
.0119 
.0086 
.0060 
.0081 
.0135 
,0191 
.0250 
.0199 
.0145 
.0089 

.0821 

Inch. 

0. 
.0002 
.0001 
.0001 
.0001 
.0001 
.0001 
.0001 
.0002 
.0004 
.0005 
.0005 
.0006 
.0006 
.0007 
.0008 

.0009 
.0010 
.0011 

Initial  load. 

E  (600-2,000)  =3,846,000  pounds  per  square  inch. 

£  (2,000-3.000)  »3,571.000  pounds  per  square    ' 
inch. 

E  (3,000-4.000)  =3,509,000  pounds  per  square 
inch. 

Cracke<l  along  lower  edge. 

Small  fragment  detached  from  lower  edge. 

Ultimate  strength. 

.0011 

70,290 
84,348 
89,034 
93,720 

98,406 
103.092 
107,778 
112,464 
117, 150 

.oois 

.0014 

.0015 
.0016 
.0019 
.0021 
.0025 

.0022 

.0026 
.0027 

121,886 
157,600 

No.  1479. 
Marks,  Pen.  June  19. 

Composition:  Peninsular  cement,  1;  sand,  1. 
Water  used  in  gauging,  32.5  per  cent  of  cement. 
Age,  set  in  air,  2  months  13  oays. 
Weight  per  cubic  foot,  133.4  pounds. 
Dimensions,  24".02X3".89x6".02. 
Sectional  area,  23.42  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,842 

100 

0. 

0. 

Initial  load. 

?684 

200 

.0008 

0. 

7,028 

800 

.0014 

0. 

9,968 

400 

.0020 

0. 

11,710 

600 

.0026 

0. 

14,062 

600 

.0082 

0. 

18,736 

•    800 

.0047 

0. 

28.420 

1,000 

.0063 

.0001  . 

28,104 

1,200 

.0076 

.0002 

82.788 

1,400 

.0093 

.0005 

87,472 

1,600 

.0108 

.0007 

.      42,156 

1,800 

.0125 

.0010 

46,840 

2,000 

.0141 

.0013 

E  (500-2,000)  =2,941,000  pounds  persquare  inch. 

61,524 

2,200 

.0159 

.0013 

66,208 

2,400 

,0177 

.0019 

60,892 

2.600 

.0200 

.0026 

65.576 

2,800 

.0220 

.0029 

70,260 

8,000 

.0244 

.0034 

£  (2JOOO-«,000)»2,439,000  pounds  per  square 

74.944 

8.200 

.0265 

.0087 

79.628 

3,400 

.0290 

.0044 

84,312 

3,600 

600 
1,000 
1,600 
2,000 
2,600 
3,000 
2,600 

.0818 

.0090 
.0124 

.0051 

.0169 

.0215 

.0246 

.0277 
.0254 

2,000 

.0229 

1,600 

.0189 

1,000 
600 

.0144 
.0110 

Micrometer  disturbed  in  its  position. 

.6057" 

88,996 

3,800 

.0327 

.0044 

93,680 

4,000 

.0871 

.0060 

98,364 

4,200 

Ultimate  strength. 
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CEMENT    AND   MORTAR.       ELASTIC    PROPERTIES. 


No.  1480. 

Marks,  Pen.  June  20. 

Composition:  Peninsular  cement,  1;  sand,  1. 

Water  used  in  gauging,  31.8  per  cent  of  cement. 

Affe,  set  in  water,  2  months  12  days. 

Weight  per  cubic  foot  (as  taken  from  water),  139.5  pounds. 

Dimensions,  24'M6X  3".90X  6".02. 

Sectional  area,  23.48  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,848 

100 

0. 

0. 

IniUal  load. 

4,696 

200 

.0006 

0. 

7,044 

300 

.0011 

0. 

9.392 

400 

.0018 

0. 

11,740 

500 

.0025 

0. 

14.068 

600 

.0030 

.0001 

18.784 

800 

.0040 

.0002 

23,480 

1.000 

.0050 

.0002 

28,176 

1.200 

.0061 

.0004 

82,872 

1.400 

.0070 

.0004 

87,568 

1,600 

.0081 

.0005 

42,264 

1,800 

.0091 

.0005 

46,960 

2,000 

600 
1,000 
1,600 
1,000 

600 

2,200 

.0102 

.0032 
.0054 

.0006 

E  (500-2,000)  =4,225,000  pounds  per  square  inch. 

.0084 

.0057 

.0085 
.0115 

.0005 

.0006 

51,656 

56,852 

2,400 

.0126 

.0008 

61,048 

2,600 

.0136 

.0009 

65,744 

2,800 

.0149 

.0010 

70,440 

8.000 

.0160 

.0011 

£  (2.000-8,000)  =^8,774,000   pounds  per  square 
Inch. 

75,186 

8.200 

.0178 

.0013 

79,882 

8.400 

.0185 

.0014 

84,528 

8,600 

600 
1,000 
1.600 
2,000 

.0199 

.0048 
.0066 

.0016 

.0096 

.0118 

2,600 
8,000 
2,600 
2.000 
1,600 
1,000 
600 

8,800 

.0148 

.0170 

.0151 
.0126 

.0106 

.0075 
.0049 

.0215 

.0018 
.0018 

89,224 

98,920 

4,000 

.0230 

.0021 

E  (3,000^,000)  =»8.333,000   pounds    per  square 

inch. 
Ultimate  Htrength. 

161,700 

6,890 

CEMENT    AND   MOBTAB.        ELASTIC   PBOPEETIE 
No.  1481. 

Marks,  Pen.  June  12. 

Composition:  Peninsular  cement,  1;  sand,  2. 

Water  used  in  gauging.  48.1  per  cent  of  cement. 

Age,  set  in  air,  2  months  21  oays. 

Weight  per  cubic  foot,  126.4  pounds. 

Dimensions,  24'M6X  3".86x  6".09. 

Sectional  area,  23.51  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarlu. 

Total. 

PersquAre 
inch. 

Gompres- 
don. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,861 

100 

0. 

0. 

Initial  load. 

4,702 

200 

.0008 

0. 

7,068 

800 

.0017 

0. 

9,404 

400 

.0026 

.0002 

11,766 

600 

.0086 

.0004 

14,106 

600 

.0046 

.0006 

18,808 

800 

.0066 

.0007 

23,510 

1,000 

.0066 

.0011 

28,212 

1,200 

.0110 

.0016 

32,914 

1.400 

.0184 

.0020 

37,616 

1,600 

.0160 

.0026 

42,318 

1,800 

.0191 

.0068 

47,020 

2,000 

600 
1,000 

.0224 

.0068 
.0128 

.0041 

E (600-2,000)  »1,974,000  pounds  per : 

1,600 

1,000 

600 

2,200 

.0186 

.0187 

.0090 
.0261 

',b04Z" 

.0068 

61,722 

Comer  cracked. 

56,424 

2,400 

.0388 

.0090 

67,000 

2,420 

Ultimate  strength. 
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No.  1482. 
Marks,  Pen.  June  21. 

Composition:  Peninsular  cement,  1;  sand,  2. 
Water  used  in  gauging,  46.4  per  cent  of  cement. 
Age,  set  in  water,  2  months  13  days. 
Weight  per  cubic  foot,  136.1  pounds. 
Dimensions,  24".  17  X  3". 87  X  6".05. 
Sectional  area,  23.41  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,341 

100 

0. 

0. 

Initial  load. 

4,6S2 

200 

.0006 

0. 

7,023 

300 

.0012 

0. 

9,864 

400 

.0016 

0. 

11,706 

500 

.0023 

0. 

14,046 

600 

.0028 

0. 

18,728 

800 

.0041 

,0001 

23,410 

1,000 

.0064 

.0001 

28,002 

1,200 

.0068 

.0002 

82,774 

1,400 

.0078 

.0001 

87,456 

1,600 

.0093 

.0008 

42,138 

1,800 

.0110 

.0005 

46,820 

2,000 

600 
1,000 

.0128 

.0040 
.0066 

.0008 

E  (.'100-2,000)  =3,093,000  pounds  per  square  inch. 

1,600 

.0103 

1,000 
600 

2,200 

.0070 

.0046 
,0147 

.0009 
.0011 

61,602 

66,184 

2,400 

.0167 

.0016 

60.866 

2,600 

.0189 

.0019 

66,648 

2,800 

.0213 

.0020 

70,230 

3,000 

.0239 

.0028 

E  (2,000-3.000)  -2,196,000   pounds   per  square 
inch. 

74,912 

8.200 

.0269 

.0034 

79,694 

3,400 

600 
1.000 
1  600 

.0295 

.0081 
.0116 

.0040 

1 

.0168 

1 

2,000 

.0196 

1. ........... 

1,600 
1,000 

.0178 

1 

.0181 

1 

600 

.0096 

.0013 

91,800 

8,920 

Ultimate  strength. 

Composition:  Peninsular  cement,  1;  sand,  3. 
Water  used  in  gauging,  68  per  cent  of  cement. 
Age,  set  in  air,  2  months  20  days. 
Weight  per  cubic  foot,  118.8  pounds. 
Dimensions,  24.20x3". 83x6". 05. 
Sectional  area,  23.17  square  inches. 
Gauged  length,  20". 


Applied  loads. 

Total. 

Per  square 
inch. 

Pounds. 

Pounds. 

2,317 

100 

4.634 

200 

6,951 

800 

9,268 

400 

11,585 

500 

13,902 

600 

16,219 

700 

18,536 

800 

20,853 

900 

23.170 

1,000 

25,487 

1,100 

27,801 

1,200 

200 

400 

600 

800 

1,000 

800 

600 

400 

200 

80,121 

1,300 

32,438 

1,400 

84,755 

1,500 

34,900 

1,510 

In  gauged  length. 

Remarks. 

Compres- 
sion. 

Set. 

Inch. 

Inch. 

0. 

0. 

Initial  load. 

.0014 

0. 

.0026 

.0001 

.0036 

.0001 

.0049 

.0002 

.0066 

.0005 

.0080 

.0007 

.0098 

.OOU 

.0117 

.0015 

.0139 

.0020 

E(50a-1 .000) =1,889,000 pounds  per  square  Inch. 

.0158 

.0024 

.0188 

.0034 

.0(M5 
.0071 
.0102 
.0131 
.0160 
.0138 
.0112 
.0082 
.0050 

• 

.0036 

.0217 

.0045 

.0249 

.0056 

.0800 

.0080 

UlUmate  strength. 

1 

H.  Doc.  335- 


-31 


482 


CEMENT   AND   MORTAR.       ELASTIC   PROPERTIES. 


No.  1484. 
Marks,  Pen.  June  23. 

Composition:  Peninsular  cement,  1;  sand,  3. 
Water  used  in  gauging,  58.3  per  cent  of  cement. 
Age,  set  in  water,  2  months  11  days. 
Weight,  per  cubic  foot,  130.7  pounds. 
Dimensions,  24".15x3".89x6".06. 
Sectional  area,  23.53  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Comprea- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,863 

100 

0. 

0. 

Initial  load. 

4,706 

200 

.0009 

.0001 

7,069 

300 

.0015 

.0008 

9,412 

400 

.0021 

.0004 

11,765 

500 

.0030 

.0004 

14, 118 

600 

.0035 

.0004 

16,471 

700 

.0043 

.0005 

18,824 

800 

.0051 

.0006 

21,177 

900 

.0060 

.0007 

23,580 

1,000 

.0070 

.0009 

E  (500-1,000)  =2,857,000  pounds  per  square  inch. 

25,883 

1,100 

.0060 

.0009 

28,286 

1,200 

200 
400 
600 
800 
1,000 
800 
600 
400 
200 

1,800 

.0090 

.0017 
.0030 
.0045 
.0062 
.0075 

.0010 

1 



.0068 
.0049 
.0035 
.0020 

.0101 

.0010 
.0012 

80,589 

82,942 

1,400 

.0113 

.0014 

85.295 

1,500 

.0126 

.0015 

87,648 

1,600 

.0140 

.0017 

40,001 

1,700 

.0153 

.0020 

, 

42,354 

1,800 

.0170 

.0022 

44,707 

1,900 

.0189 

.0025 

47,060 

2,000 

.0208 

.0029 

K  (1,000-2,000) =1,695,000  pounds  per  square 
inch. 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,400 

1,200 

1,000 

800 

600 

400 

200 

2,200 

.0036 
.0055 
.0077 
.0095 
.0118 

.0137 

.0157 



.0176 
.0163 

.0149 
.0133 

.0115 
.0096 
.0078 
.0048 

.0260 

.0035 
.0047 

51,766 

56,472 

2,400 

.0321 

.0068 

60,600 

2,570 

Ultimate  strength. 

Marks:  Jfen.  June  14. 

Composition:  Peninsular  cement,  1;  sand,  4. 
Water  used  in  gauging,  87  per  cent  of  cement. 
Age,  set  in  air,  2  months  21  days. 
Weight  per  cubic  foot,  113.4  pounds. 
Dimensions,  24".14  X  3".85  X  6".03. 
Sectional  area,  23.22  square  inches. 
Gauged  length,  20". 


Applied  loadB. 

In  ganged  length. 

Remarks. 

1 

Total. 

Pemquare 
inch. 

Compres- 
sion. 

Set 

Pounds. 
2,322 
4,644 
6,966 
9,288 
11,610 
13,982 
16,254 
18,576 
20,898 

Pounds. 
100 
200 
300 
400 
500 
600 
700 
800 
900 

Inch, 

0. 

.0014 
.0032 
.0052 
.0074 
.0101 
.0135 
.0174 

Inch. 

0. 

0. 
.0002 
.0005 
.0008 
.0015 
.0026 
.0036 

IniUal  load. 

£  (100-600)  =1.212,000  pounds  per  square  inch. 

Ultimate  strength. 

No.  1486. 
Marks,  Pen.  June  24.    . 
Composition:  Peninsular  cement,  1;  sand,  4. 
Water  used  in  gauging,  80  per  cent  of  cement. 
Age,  set  in  water,  2  months  11  days. 
Weight  per  cubic  foot,  128.4  pounds. 
Dimensions,  24'M5X3".90X6".04. 
Sectional  area,  23.56  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Inch. 

0. 

0. 
.0003 
.0005 
.0006 
.0009 
.0016 
.0023 
.0040 
.0065 

Pounds. 
2,366 
4,712 
7,068 
9,424 
11,780 
14,186 
16,492 
18,848 
21,204 
23,660 

Pounds. 
100 
200 
300 
400 
600 
600 
700 
800 
900 
1,000 

200 
400 
600 
800 
600 
400 
200 

1,060 

Inch. 

0. 
.0011 
.0025 
.0089 
.0064 
.0072 
.0097 
.0126 
.0163 
.0226 

.0080 
.0119 
.0167 
.0195 
.0170 
.0139 
.0096 

luitUl  load. 

E  (100-500)  =1,667,000  pounds  per  square  Inch. 

E  (500-1,000)  =893,000  pounds  per  square  inch. 
Ultimate  strength. 

.0067 

24,900 

Marks,  tT  March  6. 

Composition:  Star  Portland  cement,  with  plaster,  neat. 

Water  used  in  gauging,  25  per  cent  of  cement. 

Age,  set  in  air,  1  month. 

Dimensions,  23". 95  X  3". 89  X  6". 08. 

Sectional  area,  23.65  square  inches. 

Gauged  length,  20". 


Applied  loads. 

III  gau^red  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,865 

100 

0. 

0. 

Initial  load. 

4,730 

200 

.0007 

0. 

7,095 

300 

.0014 

-.0001 

9,460 

400 

.0021 

-.0002 

11.826 

500 

.0030 

-.0002 

14,190 

600 

.0088 

-.0002 

16,566 

700 

.0046 

-.0002 

18,920 

800 

.0064 

-.0002 

21,285 

900 

.0061 

-.0002 

23,650 

1,000 

.0068 

-.0002 

28,380 

1,200 

.0084 

-.0002 

33,110 

1,400 

.0098 

-.0002 

87,840 

1,600 

.0115 

0. 

42,670 

1,800 

.0130 

+  .0001 

Fine  transverse  cracks  ocroMS  one  4"  side  in 
three  places.    Two  of  the-ne  were  not  visible 
while  the  prism  was  loaded. 

47,300 

2,000 

.0142 

.0002 

E   (500-2,000)  =  2,778,000   pounds    per  square 
inch. 

62,080 

2,200 

.0159 

.0003 

66,760 

2,400 

.0174 

.ooas 

longitudinal  crack  at  one  end  of  prism. 

61,490 

2,600 

.0188 

.0006 

66,220 

2,800 

.0205 

.0008 

70,950 

3,000 

.0220 

.0010 

K    (500-3,000)  -  2,809,000  pounds   per  square 
inch. 

76,680 

3,200 

.0238 

.0011 

80,410 

3,400 

.0265 

.0016 

116,100 

4,910 

Ultimate  strength. 

An  examination  of  the  fragments  of  the  prism  after  the  test  showed 
an  effervescence  when  treated  with  acid  in  the  vicinity  of  the  trans- 
verse cracks  previously  noted.  From  this  result  it  is  inferred  that 
minute  cracks  existed  in  the  surface  of  the  prism  prior  to  loading, 
which  penetrated  to  a  depth  of  ^"d:. 
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No.  1467. 

Marks,  ilr  March  7. 

Composition:  Star  Portland  cement,  with  plaster,  neat. 

Water  used  in  gauging,  20  per  cent  of  cement. 

Age,  set  in  air,  1  month. 

Weight  per  cubic  foot,  134  pounds. 

Dimensions,  24".  00  X  3".  89  X  6".  01. 

Sectional  area,  23.38  square  inches. 

Gauged  length,  20". 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
ston. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,338 

100 

0. 

0. 

Initial  load. 

4,676 

200 

.0007 

0. 

7,014 

300 

.0012 

0. 

9,352 

400 

.0019 

-.0001 

11,690 

500 

.0027 

-.0001 

14,028 

600 

.0036 

-.0001 

16,366 

700 

.0044 

0. 

18,704 

800 

.0051 

0. 

21,042 

900 

.0058 

0. 

23,380 

1.000 

.0067 

{-  .0001 

One  transverse  crack  visible. 

28.056 

1,200 

.0081 

.0001 

32,782 

1,400 

.0097 

.0002 

37,408 

1.600 

.0112 

.0004 

42.084 

1.800 

.0127 

.0005 

46,760 

2,000 

.0141 

.0006 

E  (500-2,000)  =2,804,000  pounds  per  square  inch. 

Test  discontinued. 


No.  1467a. 


Test  resumed  after  an  interval  of  6  months. 
Ends  faced  with  neat  cement  at  present  test, 
the  ends  were  faced  with  plaster  of  paris. 


On  former  occasion 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
2,338 
11.090 
23,380 
37,408 
46,760 
51,436 
56,112 
70.140 
81,830 
98,520 
106,210 
116,900 
93,520 

199,800 

Pound*. 
100 
500 
1,000 
1,600 
2,000 
2,200 
2,400 
8,000 
3,500 
4,000 
4,500 
5,000 
4,000 

8,550 

Inch. 

0. 

.0031 
.0056 
.0091 
.0118 
.0129 
.0143 
.0183 
.0218 

^0252 
.0289 
.0332 

Inch. 

0. 

0. 
.0001 
.0004 
.0005 
.0005 
.0006 
.0009 
.0012 
.0017 
.0022 
.0028 

Micrometer  reset  at  zero. 

£  (500-2,000)  »3,659,000  pounds  per  square  inch. 

Load  left  on  prism  19  hours,  at  the  end  of  which 
interval  there  was  found  a  total  load  of  76,000 
pound8=3,250  pounds  per  square  inch.  The 
loads  were  then  increased  until  rupture  took 
place. 

Ultimate  strength. 

Marks,  iJr  March  12. 

Composition:  Star  Portland  cement,  without  plaster,  neat. 
Water  used  in  gauging,  28.1  per  cent  of  cement. 
Age,  set  in  air,  1  month. 
Weight  per  cubic  foot,  120.5  pounds. 
Dimensions,  28".  98  X  3".  87  X  6". 
Sectional  area,  23.22  square  inches. 
Gauged  length,  20". 

A  number  of  oblique  cracks  were  found  at  corners  of  prism  when 
mold  was  stripped. 


Applied  loads. 

In  gauged  length. 

RemarkR. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Inch. 

Set. 
Inch. 

Pounds. 

Pounds. 

2,322 

100 

0. 

0. 

Initial  load. 

4.644 

200 

.0013 

0. 

6,966 

300 

.0026 

.0001 

9,288 

400 

.0042 

.0001 

11,610 

500 

.0060 

.0004 

13,9S2 

600 

.0077 

.0006 

16,264 

700 

.0095 

.0009 

18,676 

800 

.0115 

.0013 

20,898 

900 

.0135 

.0017 

23,220 

1,000 

.0152 

.0021 

27,864 

1,200 

.0191 

.0030 

9  tine  transverse  cracks  visible. 

32,508 

1,400 

.0230 

.0040 

37, 152 

1,600 

.0279 

.0056 

41.796 

1,800 

.0321 

.0071 

46, 440 

2,000 

.0370 

.0091 

E  (500-2,000)  1,345,000  pounds  per  square 

inch. 

61,084 

2,200 

.(M18 

.0111 

55,728 

2,400 

.0170 

.0132 

60,372 

2,600 

400 

800 

1,200 

1,600 

2,000 

.0530 

.0212 
.0279 
.0342 
.WOO 
.0456 

.0168 

1,600 

1,200 

800 

400 

3,800 

.(M19 
.0370 
.0314 
.0246 

^       .0596 

.0176 
.0208 

65,016 

69,660 

3,000 

.0670 

.0*246 
.02-'0 

After  resting  under  initial  load  1  hour 

400 
800 
1,200 
1,600 
2,000 
1,600 

.0271 
.0338 
.(MOO 
.0459 
.a520 
.0482 

1,200 

.0434 

800 
400 

.0379 
.0309 

After  resting  5  minutes. 

.0238 
.0233 

.0288 

74,304 

3,200 

.0738 

78,948 

3,400 

.0854 

.0367 
.0348 

After  resting  5  minutas. 
After  resting  10  minutes. 

.0346 

OEMEKT   AND   MOBTAR.       ELASTIC   PROPERT 
No.  1470— Continued. 


In  gauged  length. 

Total. 

Per  square 
incn. 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 

Pounds. 
400 
800 
1,200 
1,600 
2,000 
2,400 
2,800 
2,400 
2,000 

Inch, 
.0397 
.0465 
.0580 
.0591 
.0660 
.0715 
.0775 
.0744 
.0714 
.0670 
.0620 
.0560 
.0481 

Inch. 

1,600 
1,200 



800 
400 

.0408 
.0391 
.0387 

After  resting  5  minutes. 

After  resting  10  minutes. 

2.800 
2,800 
2.800 
2,800 

.0786 
.0820 
.0830 
.0841 
.0848 
.0854 

After  sustaining  lonrl  &  minuf 
After  sustainitiK  ^ovi  10  mini 

After  sustaining  onl  1  >  mini 



2,800 

2,800 

100 

100 

100 

After  sustaining  load  25  mini 

.0461 



.0139 
.0432 

After  resting  5  minutes. 

2,800 
2,800 
2,800 
2,800 
2,80u 
2.800 
2,800 
2,800 
2,800 
2,800 
2.800 
2,800 
2.800 
2,800 
2,000 
1,480 

2,000 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 

.0637 
.0859 
.0868 
.0878 
.0682 
.0687 
.0691 
.0696 
.0900 
.0904 
.0909 
.0916 
.0921 
.0925 
.0846 

After  sustaining  load  5  minul 

After  sustaining  load  10  mini 

After  sustaining  load  15  mini 

After  sustaining  load  20  mini 

After  sustaining  load  25  mini 

After  sustaining  load  30  mini 

After  sustaining  load  85  mini 

After  sustaining  load  40  mini 



After  sustaining  load  50  mini 

After  sustaining  load  1  hour. 

After  sustaining  load  1  hour  1 

After  sustalninsr  load  1  hour : 
Load  left  on  prism  at  night. 
Load  found  on  prism  in  the  w 

46,440 
84,400 

46,440 
65,016 



.0898 
.0976 
.0984 
.0969 
.0994 
.0996 
,1001 
.1006 
.1009 
.1017 
.1025 
.1032 
.1039 
.1046 
.1062 

later. 

After  sustaining  load  5  minul 
After  sustaining  load  30  mini 
After  sustaining  load  20  mini 
After  sustaining  load  30  mini 
After  sustaining  load  40  mini 
After  sustaining  load  60  mini 
After  sustaining  load  1  hour. 
After  sustaining  load  1  hour  I 
After  sustaining  load  2  hours 
After  sustaining  load  2  hount 

After  sustaining  load  3  hours. 

After  sustaining  load  3  hours 

After  sustaining  load  4  hours 
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Specimen  removed  from  the  machine. 

lest  resumed  after  resting  without  load  21  hours. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Comprea- 
sion. 

Set. 

Pounds. 
2,822 

Pounds. 

100 

1,000 

2.000 
2.800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,740 

2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
2,800 
3,000 
3,200 
3,400 

Inch. 
0. 
.0128 

.0243 
.0337 
.0369 
.0366 
.0375 
.a381 
.0396 
.0415 
.0430 
.0444 
.0457 
.0470 
.0472 
.0576 

.0582 
.0585 
.0589 
.0594 
.0600 
.0604 
.0605 
.0623 
.0644 
.0668 
.0671 

Inch. 
0. 

Initial  load.    Micrometer  reeet  at  zero. 
There  are  numerous  oblique  cracks  and  one 
longitudinal  crack  in  prism. 

After  sustaining  load  5  minutes. 
After  sustaining  load  10  minutes. 
After  sustaining  load  20  minutes. 
After  sustaining  load  30  minutes. 
After  sustaining  load  1  hour. 
After  sustaining  load  2  hours. 
After  sustaining  load  8  houni. 
After  sustaining  load  4  hours. 
After  sustaining  load  6  hours. 
After  sustaining  load  6  hours. 
Load  left  on  pnsm  at  night. 
Load  found  on  prism  in  the  morning,  15  hours 
25  minutes  later. 

After  sustaining  load  30  minutes. 
After  sustaining  load  1  hour. 
After  sustaining  load  2  hours. 
After  sustaining  load  3  hours. 
After  sustaining  load  4  hours. 
After  sustaining  load  4i  hours. 

After  2  minutes. 

Do. 

Do. 

Do. 
After  4  minutes. 
Ultimate  strength. 

65.016 
63,600 

65,016 

69,660 
74,304 
78,948 

100 

.0285 
.0273 

3,400 

.0671 
.0681 

100 

.0280 
.0271 
.0266 

94,800 

4,080 



Marks,  W'H.  March  10. 

Composition:  Whitehall  cement,  neat. 

Water  used  in  gauging,  21.2  per  cent  of  cement. 

Age,  set  in  air,  1  month. 

^  eight  per  cubic  foot,  137  pounds. 

Dimensions,  23". 99  X  3". 88  X  6". 01. 

Sectional  area,  23.32  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Tnch. 

Inch. 

2,332 

100 

0. 

0. 

4,664 

200 

.0006 

0. 

6,9% 

300 

.0011 

0. 

9,328 

400 

.0016 

0. 

11,660 

500 

.0021 

-.0001 

13,992 

600 

.0027 

-.0001 

16,324 

700 

.0034 

-.0001 

18,666 

800 

.0038 

20.988 

900 

.0043 

-.0008 

23,320 

1,000 

.0048 

-.0003 

27,984 

1,200 

.0057 

-.0004 

32,648 

1,400 

.0066 

-.0005 

37,312 

1,600 

.0076 

-.00ft'> 

41,976 

1.800 

.0086 

-.0006 

46,640 

2,000 

.0096 

-.0006 

51,3(M 

2,200 

•     .0106 

-.OOW 

55,968 

2,400 

.0116 

-.0004 

60,632 

2,600 

.0128 

-.0003 

65,296 

2,800 

.0140 

-.0002 

69,960 

8,000 

.0153 

0. 

Remarks. 


Initial  load. 


E  (500-2,000)  =3,797.000  pounds  per  square  inch. 


Test  discontinued. 

No.  1469a. 
Test  resumed  after  an  interval  of  6  months. 


Applied  load». 

In  gauged  length. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 
Inch. 

Pounds. 

Pounds. 

Tnch. 

2,332 

100 

0. 

0. 

11,660 

500 

.0025 

0. 

23,320 

1,000 

.0056 

.0003 

37,312 

1,600 

.0098 

.0007 

46,640 

2,000 

.0119 

.0009 

60,632 

2,600 

.0157 

.0011 

69,960 

3,000 

.0185 

.0013 

83,962 

3,600 

.0225 

.0017 

93,280 

4,000 

.0255 

.0020 

107,272 

4,600 

.0299 

.0026 

116,600 

6,000 

.0831 

.0028 

130,592 

5,600 

.0378 

.0036 

139,920 

6,000 

.0418 

.0044 

158.912 

6,600 

.0476 

.0066 

163,240 

7,000 

.0519 

.0066 

185,000 

7,980 

Remarks. 


Micrometer  reset  at  zero. 


E  (500-2,000)  =>3,629,000  pounds  per  square  Inch. 


E    (2.000-4,000)  »3,200,000  pounds  per  square 
inch. 


E  (4,000^,000)  =2,878,000  pounds  per  square 
inch. 


Ultimate  strength. 
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CEMEin:   AND   MOBTAB.       ELASTIC   PBOPEBTIES. 


No.  1475. 
Marks,  W'H.  April  30. 
Composition:  Whitehall  cement,  neat. 
Water  used  in  gauging,  21.2  per  cent  of  cement. 
Age,  set  in  water,  1  month.     (First  day  in  air.) 
W  eight  per  cubic  foot  (immediately  after  being  taken  from  the  water), 
137.5  pounds. 
Dimensions,  24".10X3".87X6".09 
Sectional  area.  23.57  square  inches. 
Gauged  length,  20". 


'        Applied  loadH. 

In  gauged  length. 

Remarks. 

1  Tofi.    "-^x" 

Compre«- 
Bion. 

Set. 

\ 

PounfU. 

Pounds, 

Inch. 

Inch. 

2,357 

100 

0.           ,       0. 

Initial  load. 

4.714 

200 

.0002 

0. 

7,071 

300 

.0006 

-.0001 

9,428 

400 

.0010 

-.0001 

11,785 

500 

.0015 

-.0001 

14, 142 

♦KX) 

.0021 

-.0001 

16,499 

700 

.0026 

-.0001 

18,856 

800 

.0031 

-.0001 

21,213    '             900 

.0037 

-.0001 

23.570    •          1,000 

.0041 

-.0001 

28,284               1,200 

.0052 

-.0001 

32,998 

1,400 

.0062 

-.0002 

37,712 

1,600 

.0072 

-.0002 

42,426 

1.800 

.0081 

-.0002 

47,140    1          2,000 

.0090 

-.0002 

E   (500-2.000)  =3,94>,000   pounds   per 
inch. 

square 

51,854    '          2,200 

.0097 

-.0004 

56.r)(iM    i          2.400 

.0106 

-.0003 

61,282 

2.600 

.0115 

-.0003 

65,990 

2,800 

.0124 

-.0003 

70,710 

8,000 

.0184 

-.0002 

No.  14:75a. 

Prism  rotated  one-half  turn,  was  readjusted  in  the  machine  and 
readings  repeated  as  follows: 


Applied  loads. 

In  gaugeii  length. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,a')7 

100 

0. 

0. 

4,714 

200 

.0005 

-.0001 

7,071 

300 

.0009 

-.0001 

9,428 

400 

.0014 

-.0001 

11,785 

500 

.0019 

-.0001 

14, 142 

600 

.0024 

-.0001 

16.499 

700 

.0030 

-.0001 

18,856 

800 

.0036 

-.0001 

21,213 

900 

.0041 

-.0001 

23,570 

1,000 

.0047 

-.0001 

28,284 

1,200 

.0059 

-.0001 

32,998 

1,400 

.0070 

-.0001 

87.712 

1,600 

.0081 

0. 

42,426 

1,800 

.0092 

0. 

47,140 

2,000 

.0104 

+.0001 

61,a54 

2,200 

.0116 

.0001 

66,568 

2,400 

.0129 

.0002 

61,282 

2,600 

.0148 

.0003 

66,996 

2,800 

.0166 

.0004 

70,710 

8,000 

.0171 

.0006 

Remarks. 


Initial  load. 


E    (600-2,000) 
inch. 


-8,614,000    pounds   per    square 


Test  discontinued.     Prism  returned  to  the  water  bath. 


Test  resumed  after  an  interval  of  4  months. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
2,357 
11,785 
23,570 
37,712 
47,140 
61.282 
70,710 
84,852 
94,280 

108,422 
117,860 
131,992 
141,420 

155,562 
164,990 

POUTldS. 

100 
600 
1,000 
1,600 
2,000 
2,600 
3,000 
3,600 
4,000 

4,600 
5,000 
6,600 
6,000 

6,600 
7,000 

1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
6,000 
4,000 
3,000 
2,000 
1,000 

9,180 

Inch. 

0. 

.0020 
.0044 
.0073 
.0093 
.0122 
.0143 
.0172 
.0194 

.0226 
.0250 
.0283 
.0310 

.0348 
.0377 

.0060 
.0110 
.0161 
.0213 
.02^4 
.0330 
.0282 
.0231 
.0180 
.0128 
.0074 

Inch. 

0. 

0. 

0. 

0. 

0. 
.0001 
.0002 
.0002 
.0004 

,0006 
.0007 
.0010 
.0012 

.0014 
.0018 

.'6d26" 

Micrometer  re«et  at  zero. 

E  (600-2,000)  =14.110.000  pounds  per  square  inch. 

E  (2,00(M,000) =4.124,000   pounds   per  square 
inch. 

E  (4.000-6,000) -3,704,000  pounds   per   square 
inch. 

Ultimate  strength. 

216,400 
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CEMENT   AND   MOETAR.       ELASTIC   PBOPEBTIEfl. 


No.  1454. 

Marks,  W'H.  Sept.l8. 

Composition:  Wnitehall  cement,  neat. 

Water  used  in  gauging,  21.3  per  cent  of  cement. 

Affe,  set  in  air,  21  days. 

Weight  per  cubic  foot,  136.1  pounds. 

Dimensions,  23". 98  X  8". 87  X  6". 02. 

Sectional  area,  23.39  square  inches. 

Gauged  length,  20". 


Applied  loadK. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pfiund^s. 

Pound*. 

Jrwh. 

Inch. 

2,339 

100 

0. 

0. 

InitUl  load. 

4,678 

200 

.0006 

0. 

7,017 

800 

.0012 

0. 

9,Zh6 

400 

.0018 

0. 

11,695 

500 

.0024 

.0001 

14,034 

600 

.0030 

.0002 

16,373 

700 

.0036 

.0002 

18,712 

800 

.0042 

.0002 

21,051 

900 

.0048 

.0002 

23,390 

1,000 

.oavt 

.0003 

28,068 

1,200 

.0068 

.0003 

32, 746 

1,400 

.0080 

.0004 

37,424 

1,600 

.0092 

.0004 

42, 102 

1,800 

.0106 

.ooa5 

1 

46,780 

2,000 

.0117 

.0006 

E  (50Q-2.000)=3,409,000  pounds  per  square  inch. 

61,458 

2,200 

.  0131 

.0006 

56,136 

2,400 

.0142 

.0007 

60,814 

2,600 

.0157 

.0008 

65,492 

2,800 

.0172 

.0009 

70, 170 

3,000 

.0184 

.0011 

74,  M8 

3,200 

.0200 

.0012 

79,526 

3.400 

.0214 

.0013 

84,204 

3,()00 

.0230 

.0016 

88,  S82 

3,800 

.0246 

.0017 

93,500 

4,000 

.0262 

.0022 

E  (2,000-4,000)  =3,101,000  pounds  per  square 
inch. 

98,238 

4,200 

.0279 

.0024 

102,916 

4,400 

.0298 

.0027 

107,594 

4,600 

.0317 

.0032 

112,272 

4,800 

.0333 

.0036 

116,950 

5.000 

.0353 

.0039 

116.950 

5,000 

Load  left  on  prism  at  evening. 

Load  found  on  priton  in  the  morning,  16  hours 

later. 
Ultimate  strength. 

85,400 
186,800 

3,650 

7,990 

"  '  V  "" 

i.TXn.Ittj9.      T»     XA.    V7Ut.    U. 


Composition:  Whitehall  cement,  neat. 

Water  used  in  gauging,  21.3  per  cent  of  cement. 

Age,  set  in  air,  7  days. 

Weight  per  cubic  foot,  135.3  pounds. 

Dimensions,  24".20X3".86X6".05. 

Sectional  area,  23,35  square  inches. 

Gauged  length,  20". 


Applied  loculs. 

In  gauged  length. 

Remarks. 

Total. 

Per  UQ  uare 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Tnch. 

Inch. 

2,385 

100 

0. 

0. 

Initial  load. 

4,670 

200 

.0006 

0. 

7,005 

300 

.0014 

0. 

9.340 

400 

.0021 

0. 

11,675 

500 

.0027 

0. 

14,010 

600 

.0033 

0. 

16,^5 

700 

.0040 

0. 

18.680 

800 

.0(M6 

0. 

•21,015 

900 

.oa52 

.0001 

23,350 

1,000 

.0069 

.0001 

28,020 

1,200 

.0072 

.0001 

:«,e90 

1,400 

.0086 

.0001 

37,860 

1,600 

.0099 

.0001 

42,030 

1,800 

.0112 

.0002 

46,700 

2,000 

.0126 

.0003 

E  (500-2,000)  =3, 125,000  pound.s  per  square  inch. 

51,370 

2,200 

.0143 

.0005 

56,040 

2,400 

.0157 

.0006 

60,710 

2,600 

.0172 

.0008 

t^,380 

2,800 

.0186 

.0009 

70,a')0 

8,000 

.0206 

.0013 

74,720 

3,200 

.0220 

.0015 

79,390 

3,400 

.0239 

.0017 

84,060 

3,600 

.02.56 

.0020 

88,730 

3,800 

.0276 

.0024 

93,400 

4,000 

.0300 

.0027 

K(2,000-4,000)=2.6t>7,000pound8per8qiiareinch. 

98,070 

4,200 

.0326 

.0085 

('racks  along  edge. 

102, 740 

4,400 

.0353 

.0040 

107.410 

4,600 

.0382 

.0(M9 

112,080 

4,800 

.(M06 

.oa-w 

116,750 

5,000 

.(M36 

.0068 

116,760 

5,000 

Load  left  on  pri»m  at  evening. 

Load  found  on  prism  in  the  morning,  16  hours 

later. 
Ultimate  strength.  Age  when  fractured, 8 days. 

89,700 

3,840 

139,200 

5,960 
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CEMENT    AND    MORTAR.       ELASTIC   PROPERTIES. 


No.  1456. 

Marks,  W'H.  Oct.  18. 

Composition:  WTiitehall  cement,  neat. 

Water  used  in  gauging,  21.3  per  cent  of  cement. 

Age,  set  in  air,  2  days. 

Weight  per  cubic  foot,  13T  pounds. 

Dimensions,  24".llx3".84x6".04. 

Sectional  area,  23.19  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 

Paunds. 

Inch. 

Inch. 

2,319 

100 

0. 

0. 

Initial  load. 

4,638 

200 

.0005 

0. 

6,967 

300 

.0009 

0. 

9,276 

400 

.0014 

0. 

11,596 

500 

.0020 

0. 

13,914 

600 

.0026 

0. 

16,233 

700 

.0032 

0. 

18,552 

800 

.0039 

0. 

20,871 

900 

.0(M5 

0. 

23,190 

1,000 

.0051 

0. 

27,828 

1,200 

.0063 

.0001 

32,466 

1,400 

.0076 

Micrometer  disturbed. 

51,018 

2,200 

.0116 

-  .0005 

E  (500-2,200)=3,866,000  pounds  per  square  inch. 

66,656 

2,400 

.0128 

-  .0004 

60,294 

2,600 

.0144 

-  .0001 

64,932 

2,800 

.0156 

0. 

69,570 

3,000 

.0170 

+  .0001 

74,208 

3,200 

.OlM 

.0003 

78,846 

3,400 

.0202 

.0006 

83,484 

3,600 

.0220 

.0010 

88,122 

3,800 

.0238 

.0013 

92,760 

4,000 

.0254 

.0015 

E  (500-4,000) =3,196,000  pounds  per  square  inch. 

97,398 

4,200 

.0273 

.0019 

102,086 

4,400 

.0296 

.0024 

106,674 

4,600 

.0325 

.0036 

111,312 

4,800 

.0345 

.0038 

lift, 950 

6,000 

Ultimate  Ntrength. 

CEMENT    AND   MORTAR.       ELASTIC   PROPERTI] 

No.  1457. 

Marks,  W'H.  Oct.  21. 

Composition:  Whitehall  cement,  neat. 

Water  used  in  gauging,  21.3  per  cent  of  cement. 

Age,  set  in  air,  25Tiours. 

Weight  per  cubic  foot,  136.7  pounds. 

Dimensions,  24".10x3".80x6".05.  ^ 

Sectional  area,  22.99  square  inched. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Com- 
pression. 

Set. 

PoundB. 

Pounds. 

Inch. 

Inch. 

2,299 

100 

0. 

0. 

Initial  load. 

4;  698 

200 

.0006 

0. 

6,897 

300 

.0013 

.0002 

9,196 

400 

.0019 

.0002 

11,495 

500 

.0025 

.0002 

13,794 

600 

.0033 

.0004 

16,093 

700 

.0039 

.0006 

18,392 

800 

.0046 

.0005 

20,691 

900 

.0053 

.0005 

22,990 

1,000 

.0059 

.0006 

25,289 

1,100 

.0066 

.0006 

27,588 

1,200 

.0074 

.0007 

29,887 

1,300 

.0080 

.0007 

32,186 

1,400 

.0087 

.0008 

34,185 

1,500 

.0095 

.0009 

36,784 

1,600 

.0102 

.0010 

41,382 

1,800 

.0117 

.0011 

!        45,980 

2,000 

.0131 

.0013 

E(60(^2,000)i»3,158,000pound8pei  i 

50,578 

2,200 

.0147 

.0015 

65,176 

2,400 

.0165 

.0018 

59, 774 

2,600 

.0181 

.0020 

64.372 

2,800 

.0197 

.0028 

68,970 

3.000 

.0216 

.0026 

73,568 

3,200 

.0236 

.0029 

78,166 

8,400 

.0260 

.0034 

82,764 

3,600 

.0283 

.0040 

E(50O-3.600)  =2,818,000  pounds  per  i 

106,400 

4,630 

Ultimate  strength. 

iTxai  ivo,  v/.  «/  uij   u» 


Composition:  Cathedral  cement,  neat. 

Water  used  in  gauging,  28.8  per  cent  of  cement. 

Age,  set  in  air,  2  months  3  days. 

Weight  per  cubic  foot,  112.5  pounds. 

Dimensions,  24".05X  3".90X  6:'.06. 

Sectional  area,  23.63  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 
Pound*. 

Per  square 
incn. 

Compres- 
sion. 

Set. 

Pownd*. 

Jnctu 

Inch. 

2,363 

100 

0. 

0. 

Initial  load. 

4,726 

200 

.0015 

0. 

7,089 

300 

.0030 

.0001 

9, 452 

400 

.0045 

.0003 

11,815 

500 

.0061 

.0005 

14, 178 

600 

.0078 

.0009 

16,541 

700 

.0096 

.0011 

18,904 

800 

.0115 

.0017 

21,267 

900 

.0132 

.0020 

23,630 

1,000 

.0156 

.0029 

E  (100-1,000)  =1,429,000  pounds  persquareinch. 

25,993 

1,100 

.0177 

.0038 

Crack. 

28.356 

1,200 

.0195 

.ooi:t 

30,719 

1,300 

.0220 

.0051 

33,082 

1,400 

.0248 

.0062 

86, 445 

1,500 

.0274 

.0075 

37,808 

1,600 

.0306 

.0094 

40. 171 

1,700 

.0347 

.0111 

42,634 

1,800 

.0389 

.0140 

44,897 

1,900 

.(Ma5 

.0165 

59,600 

2. 520 

Ultimate  strength. 

No.  1491. 
Marks,  C.  July  3. 

Composition:  Cathedral  cement,  1;  sand,  1. 
Water  used  in  gauging,  36.6  per  cent  of  cement. 
Age,  set  in  air,  2  months  3  days. 
Weight  per  cubic  foot,  123.9  pounds. 
Dimensions,  23".  90  X  3". 92  X  6". 03. 
Sectional  area,  23.64  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  sqiiare 
inch. 

('ompres- 

sion. 

Set. 

P<mnd9. 

Pounds. 

Itich. 

Inch. 

2,364 

100 

0. 

0. 

Initial  load. 

4,728 

200 

.0009 

0. 

7,092 

300 

.0018 

0. 

9,466 

400 

.0028 

.0001 

11,820 

600 

.0040 

.0003 

14,184 

600 

.0a53 

.0006 

16,648 

700 

.0066 

.0009 

18,912 

800 

.0081 

.0018 

21,276 

900 

.0097 

.0017 

23,640 
28,868 
88,096 

1,000 
1,200 
1,400 

.0114 
.0149 
.0190 

.0023 
.0034 
.0050 

E  (10O-l,000)=l,978,O0O  pounds  persquare  inch. 

87,824 

1,600 

.0244 

.0084 

42,662 

1,800 

.0314 

.0110 

47,280 

2,000 

.0386 

.0161 

E  (1,000-2,000)  =1,389,000  pounds  per  square 

Inch. 
Crack. 

62,008 

2,200 

.0495 

.0218 

&i,200 

2,200 

LTliiiuartrrsin  iijutn. 

CEMENT  AND    MOBTAB,       ELASTIC  PBOPEBTl 

No.  1492. 

Marks,  C.  July  5. 

Composition:  Cathedral  cement,  1;  sand,  2. 

Age,  set  in  air,  2  months. 

Weight  per  cubic  foot,  123.5  pounds. 

Dimensions,  24'M8X3".90x6^'.05. 

Sectional  area,  23.60  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauf^ed  length. 

RemarkB. 

Total. 

Per  square 
inch. 

Compres- 
Bion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,360 

100 

0. 

0. 

Initial  load. 

4,720 

200 

.0016 

.0001 

7,080 

300 

.0030 

.0005 

9,440 

400 

.0044 

.0008 

11,800 

500 

.0063 

.0016 

14,160 

600 

.0063 

.0020 

16.520 

700 

.0113 

.0033 

18,880 

800 

.0148 

.0047 

21,240 

900 

.0178 

.0065 

28,600 

1,000 

.0219 

.0084 

E  (100-1,000)  =1,333,000  pounds  p 

25.960 

1,100 

.0800 

.0140 

28,320 

1,200 

.0365 

.0184 

29,400 

1,250 

Ultimate  strength. 

No.  1493. 

Marks,  C.  July  7. 

Composition:  Cathedral  cement,  1;  sand,  3. 

Water  used  in  gauging,  63.3  per  cent  of  cement. 

Age,  set  in  air,  2  months. 

Weight  pfer  cubic  foot,  120.1  pounds. 

Dimensions,  24'M2X 3".91  X 6".07. 

Sectional  area,  23.73  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 
2,373 
4,746 
7,119 
9,492 
11,865 
14,238 

I\)unds. 
100 
200 
300 
400 
500 
600 

Inch. 

0. 

.0026 
.0060 
.0106 
.0181 

Inch. 

0. 
.0008 
.0021 
.00-44 
.OOtl 

Initial  load. 

E  (100-500)  =889,000  pounds  per  m| 
TTUimate  strength. 
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4y»  CEMEX^T   AND   MOBTAR.       ELASTIC   PBOPEBTIES. 

No.  1494. 
Marks,  S.  July  9. 
Composition:  Silica  cement,  neat. 
Water  used  in  gauging,  25.8  per  cent  of  cement. 
Age,  set  in  air,  1  month  28  days. 
Weight  per  cubic  foot,  117.8  pounds. 
Dimensions,  24".22 X  3".90 X  6".02. 
Sectional  area,  23.48  square  inches. 
Gauged  length,  20". 


Applied  lofids. 

In  gauged  length. 

Remarks. 

■ 

Totol. 

Per  square 
inch. 

Compres- 
Bion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

2,348 

100 

0. 

0. 

Initial  load. 

4,696 

200 

.0010 

0. 

7,044 

800 

.0020 

0. 

9,392 

400 

.0061 

0. 

11,740 

600 

.0045 

0. 

14,068 

600 

.0058 

0. 

16.486 

700 

.0072 

.0001 

18,784 

800 

.0090 

.0004 

21,182 

900 

.0105 

.0008 

28.480 

1,000 

.0128 

.0011 

E  ( 100-1.000) » I,607,000pound8  per  square  inch. 

28,176 

1,200 

.0164 

.0024 

82,872 

1,400 

.0200 

.0032 

37,568 

1,600 

.0253 

.0053 

42,264 

1,800 

.0328 

.0082 

46,960 

2,000 

.0402 

.0124 

Cracks.    E  ( 1,000-2,000) « 1,205,000  pounds  per 
square  inch. 

51,666 

2,200 

.0606 

.0175 

56,852 

2,400 

.0640 

.0244 
.0236 

After  5  minutes. 

200 

.0246 

400 

.0275 

600 

.0310 

800 

.0342 

1,000 

1,200 

1,400 

1,600 

1,400 

1,200 

1,000 

800 

600 

400 

200 

.0378 
.0415 

" 

.0454 

.0500 

.0479 

.0457 

.0430 

.0401 
.0368 
.0330 
.0281 

After  5  minutes. 
After  10  minutes. 
After  15  minutes. 
After  20  minutes. 

.0260 
.0255 
.0242 
.0240 
.0240 

200 

.0253 

400 

.0282 

600 
800 

1,000 

800 
600 
400 
200 

2,520 

.0317 
.0852 
.0388 
.0396 
.0400 
.0877 
.0349 
.0315 
.0278 

After  5  minutes. 
After  10  minutes. 

Ultimate  strength. 

.0258 

69,100 

CEMENT  AI^D  MOBTAB.   ELASTIC  PBOPEKTIES, 

No.  1495. 

Marks,  S.  July  10. 

Composition:  Silica  cement,  1;  sand,  1. 
Water  used  in  gauging,  32  per  cent  of  cement. 
Age,  set  in  air,  1  month  29  days. 
Weight  per  cubic  foot,  126.9  pounds. 
Dunensions,  24".20x3".92x6".06. 
Sectional  area,  23.76  square  inches. 
Gauged  length,  20". 
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AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

2,376 

4,762 

7,128 

9,504 

11,880 

14,266 

16,632 

19,008 

21,384 

23,760 

26,186 

28,512 

Pounds. 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

Inch. 

0. 

.0015 
.0029 
.0044 
.0064 
.0084 
.0112 
.0146 
.0187 
.0241 
.0333 
.0485 

Inch. 

0. 
.0004 
.0005 
.0010 
.0017 
.0021 
.0034 
.0049 
.0070 
.0101 
.0173 
.0207 

Initial  load. 

E  (100-1,000)=1,286,000  pounds  persquareinch. 

Crack.    Ultimate  strength.    Failed  on  second 
application  of  1, 200  pounds  per  square  inch. 

No.  1496. 

Marks,  S.  July  11. 

Composition:  Silica  cement,  1;  sand,  2. 
Water  used  in  gauging,  44  per  cent  of  cement. 
Age,  set  in  air,  1  month  28  days. 
Weight  per  cubic  foot,  122.4  pounds. 
Dimensions,  24".  20  X  3".  92  X  6".  03. 
Sectional  area,  23.64  square  inches. 
Gauged  length,  20". 


Applied  loads. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
2,364 
4,728 
7,092 
9,466 
11,820 
14,184 
14,600 

Pounds. 
100 
200 
800 
400 
500 
600 
618 

Inch. 

0. 

.0024 
.0055 
.0101 
.0172 
.0350 

Inch. 

0. 

.0006 
.0019 
.0040 
.0084 
.0228 

Initial  load. 

E  (100-500)  =909,000  poundu  per  square  inch. 
Ulimate  strength. 

500  CEMENT    AND   MOBTAB.       ELASTIC   PB0PEBTIE8. 

No.  1497. 

Marks,  S.  July  12. 

Composition:  Silica  cement,  1;  sand,  3. 
Water  used  in  gauging,  58  per  cent  of  cement. 
Age,  set  in  air,  1  month  27  days. 
Weight  per  cubic  foot,  120.8  pounds. 
Dimensions,  24".16X3".90X6".03. 
Sectional  area,  23.52  square  inches. 
Gauged  length,  20". 


Applied  loads.         !      In  gauged  length. 

1 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
2,352 
4,704 
7,056 
9,408 

9,500 

Pounds. 
100 
200 
300 
400 

404 

Inch. 

0. 
.0042 
.0113 
.0320 

Inch. 

0. 
.0017 
.0059 
.0225 

Initial  load. 

Crack.    E  (100-400)  =632,000  pounds  per  square 

inch, 
intimate  strength. 



No.  1498. 

Marks,  S.  July  11. 
Composition:  Silica  cement,  neat. 
Water  used  in  gauging,  20  per  cent  of  cement. 
Age,  set  in  air,  1  month  28  days. 
Weight  per  cubic  foot,  116.3  pounds. 
Dimensions,  24".06X 3".92x6".02. 
Sectional  area,  23.60  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
incn. 

Compres- 
sion. 

Set 

Pounds. 
2,360 
4,720 
7,080 
9,440 
11,800 
14,160 
16,520 
18,880 
21,240 
28,600 
28,320 
83,040 
87,760 
42,480 
47,200 

61,920 
66,700 

Pounds. 

100 

200 

800 

400 

500 

600 

700 

800 

900 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,200 
2,400 

Inch. 

0. 

.0017 
.0083 
.0047 
.0060 
.0075 
.0091 
.0109 
.0124 
.0146 
.0184 
.0281 
.0292 
.0865 
.0445 

.0580 

Inch. 

0. 
.0002 
.0004 
.0005 
.0006 
.0010 
.0011 
.0012 
.0018 
.0024 
.0088 
.0047 
.0086 
.0106 
.0144 

.0224 

Initial  load. 

E  (100-1,000) =1,475,000  pounds  per  square  inch. 

Cracks.    E  (1,000-2,000)  =1,117,000  pounds  per 
square  inch. 

Ultimate  strength. 

CEMENT   AND   MOBTAB.       ELASTIC   PBOPEBTIES. 

No.  1473. 

Marks,  Aus.  March  15. 

Composition:  Austin  cement,  neat. 

Water  used  in  gauging,  34.3  per  cent  of  cement. 

Age,  set  in  air,  2  months  14  <£iys. 

Weight  per  cubic  foot,  100.6  pounds. 

Dimensions,  24".00x  3".89x  6".01. 

Sectional  area,  23.26  square  inches. 

Gauged  length,  20". 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Potmds. 
100 
200 
300 
400 
500 
600 
610 

1 
sion.              ^^^• 

Pounds. 
2,326 
4,652 
6,978 
9,304 
11,630 
13,956 
14,200 

Inch.       1       Inch, 
0.                    0. 
.0085    1          .00tt{ 
.0071    '          .0009 
.0119              .0017 
.0174    1          .0033 
.0265    ^          .0070 

Initial  load. 

E  (100^500) =567,000  pounds  per  square  inch, 
intimate  strength. 

' 

No. 

1472. 

Marks,  N.  &  R.  March  14. 

Composition:  Newark  &  Rosendale  cement,  neat. 

Water  used  in  gauging,  37.1  per  cent  of  cement. 

Age,  set  in  air,  2  months  15  oays. 

Weight  per  cubic  foot,  99.5  pounds. 

Dimensions,  24".00x3".89x6".00. 

Sectional  area,  23.34  square  inches. 

Gauged  length,  20". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
2,334 
4,668 
7,002 
9,336 
11, 670 
14,004 
16,388 

Pounds. 
100 
200 
300 
400 
500 
600 
700 

Inch. 

0. 

.0080 
.0136 
.0200 
.0263 
.0335 
.0585 

Inch. 

0. 
.0019 
.0036 
.0065 
.0098 
.0151 
.0845 

Initial  load. 

E  (100-500)  =485,000  pounds  per  square  inch. 
Cracked  along  one  edge. 
Ultimate  strength. 

502  CEMENT   AND   MORTAR.       ELASTIC   PROPERTIES. 

No.  1476. 

Marks,  N.  &  R.  May  1. 

Composition:  Newark  and  Kosendale  cement,  neat. 
Water  used  in  gauging,  37  per  cent  of  cement. 
Age,  set  in  water,  1  month.     (First  day  in  air.) 
Weight  per  cubic  foot  (immediately  after  being  taken  from  the 
water),  120  pounds. 
Dimensions,  24".07x 3".86X 6".08, 
Sectional  area,  23.47  square  inches. 
Gauged  length,  20". 


Applied  loads. 

In  Rallied  length. 

Remarks. 

Total. 

Per  square 
incb. 

Compres- 
sion. 

Set. 

Pounds. 
2,347 
4,694 
7,041 
9,388 
11,785 
14,082 
16,429 
18,776 

Pounds. 
100 
200 
300 
400 
500 
600 
700 
800 

200 
800 
400 
500 
600 
500 
400 
300 
200 

Inch. 

0. 

.0019 
.0041 
.0064 
.0091 
.0122 
.0165 
.0230 

.0064 
.0087 
.0115 
.0146 
.0177 
.0159 
.0136 
.0110 
.0082 

Inch. 

0. 
.0001 
.0004 
.0006 
.0010 
.0014 
.0022 
.0042 

Initial  load. 

E  (100^500)  =988,000  pounds  per  square  inch. 

.0048 

Test  discontinued.     Prism  returned  to  the  water  bath. 


CEMENT   AND   MOBTAR.       ELASTIC    PBOPEBTJ 

No.  1476a. 
Test  resumed  after  an  interval  of  4  months. 


AppUed  loads. 

In  gau«:ed  length. 

Total. 

PerBquare 
inch. 

Ckimpree- 
sion. 

Set. 

RemarkB. 

Pounds. 
2,347 
4.694 
9,388 
14,082 
18,776 
23,470 

28.164 
32,858 
87,652 
42,246 
46,940 

61,634 
66,328 

Pounds. 
100 
200 
400 
600 
800 
1,000 

1,200 
1,400 
1,600 
1,800 
2,000 

2,200 
2,400 

Inch. 

0. 

.0011 
.0030 
.0062 
.0075 
.0101 

.0127 
.0156 
.0186 

.0263 

.0310 
.0368 

Inch. 

0. 

0. 

0. 
.0001 
.0002 
.0002 

.0003 
.0006 
.0007 
.0011 
.0016 

.0020 
.0030 
.0024 

Micrometer  reset  at  zero. 

E  (100-1,000)  »1,818,000    pound 
inch. 

E  (1,000-2.000)  «1,342,000  poun 
inch. 

After  6  minutes'  rest. 

200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,600 
2,720 

.0036 
.0058 
.0084 
.0116 
.0144 
.0177 
.0208 
.0241 
.0274 
.0308 

.0452 

.0032 
.0046 

61.022 
68,800 

Ultimate  strength. 

No.  1487. 

Marks,  O.  June  27. 

Composition:  Obelisk  cement,  neat. 

Water  used  in  gauging,  40.5  per  cent  of  cement. 

Age,  set  in  air,  2  months  8  days. 

Weight,  per  cubic  foot,  107.0  pounds. 

Dimensions,  24".02 X  3".89 X  6".05. 

Sectional  area,  23.53  square  inches. 

Gauged  length,  20". 


AppUed  loads. 

In  gauged  length. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 

2,863 

4,706 

7,060 

9,412 

11,766 

14,118 

16,471 

18,824 

21,177 

23,630 

26,883 

28,236 

83,700 

Pounds. 

100 

200 

300 

400 

600 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,430 

Inch. 

0. 
.0026 
.0050 
.0076 
.0102 
.0188 
.0178 
.0218 
.0258 
.0328 
.0396 
.0626 

Inch. 

0. 
.0006 
.0009 
.0013 
.0020 
.0031 
.0044 
.0060 
.0078 
.0120 
.0157 
.0246 

Initial  load. 

E  (100-600)  =976,000  pounds  per  n 

Cracked  along  comer. 

E  (600-1,000)  =-826,000  pounds  pel 

TTitfmate  ntrength. 

Marks,  O.  June  28. 

Composition:  Obelisk  cement,  neat. 

Water  used  in  gauging,  35  per  cent  of  cement. 

Age,  set  in  air,  2  months  7  days. 

Weight,  per  cubic  foot,  116.6  pounds. 

Dimensions,  24".00x3".88x6".04. 

Sectional  area,  23.44  square  inches. 

Gauged  length,  20". 


Applied  loadfl. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Inch. 

Set. 

Pounds. 

Pmtndn. 

Inch. 

2,344 

100 

0. 

0. 

In  ilia  load. 

4,688 

200 

.0019 

0. 

7,032 

300 

.0038 

.0005 

9,376 

400 

.0069 

.0009 

11,720 

m 

.0080 

.0015 

14,064 

600 

.0106 

.0022 

16,408 

700 

.0131 

.0029 

18,752 

800 

.0168 

.0039 

21,096 

900 

.0190 

.0053 

23,440 

1,000 

.0228 

.0069 

E  (100-1 ,000) =1,132,000  pounds  per  square  inch. 

25,784 

1.100 

.0270 

.OOW 

28,128 

1,200 

.0306 

.0110 

80,472 

1,300 

.0358 

.0144 

Cracks. 

32,816 

1,400 

.0413 

.0170 

35,160 

1,500 

200 

400 

600 

800 

1,000 

1,200 

1,000 

.0470 

.0214 
.0250 
.0288 
.0329 
.0370 

.0205 

.0413 

.0389 

800 
600 
400 
200 

.0358 
.0325 
.0286 
.0240 

.0215 

37,504 

1,600 

.0635 

.0261 

39,848 

1,700 

.0624 

.0304 

44,500 

1,900 

Ultimate  strength. 

CEMENT    AND   MORTAR.       ELASTIC   PROPERTIES. 

No.  1489. 
Marks,  O.  June  30. 

Composition:  Obelisk  cement,  1;  sand,  1. 
Water  used  in  gauging,  42  per  cent  of  cement. 
Age,  set  in  air,  2  months  5  days. 
Weight  per  cubic  foot,  121.6  pounds. 
Dimensions,  24".  10  X  3". 90  X  6". 02. 
Sectional  area,  23.48  square  inches. 
Gauged  length,  20", 
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Applied  Irmds. 

In  gauged  length. 

Remarlw. 

. 

Total. 

Per  Rnuare 
inch. 

Compres- 
8ion. 

Set. 

Pmind*. 

Pmind$. 

Inch. 

Inch. 

2,:m8 

100 

0. 

0. 

Initial  load. 

4,690 

200 

.0013 

0. 

7,044 

300 

.0026 

.0003 

9,392 

400 

.0(M5 

.0009 

11,740 

600 

.0069 

.0016 

14,088 

600 

.0095 

.0027 

16,436 

700 

.0123 

.0038 

18,784 

800 

.0167 

.0058 

21,132 

900 

.0211 

.0082 

23,480 

1,000 

.0274 

.0117 

E  ( loa-1,000) =1,146,000  pounds  per  square  inch. 

25,828 

1,100 

.0354 

.0171 

28,176 

1,200 

.0471 

.0248 

30,524 

1,800 

.0638 

.0379 

31,300 

1,3S0 

Ultimate  strength. 
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Star  Portland  cement,  with  and  without  plaster  in  its  composition, 
gauged  with  hot  and  cold  water. 

This  series  of  grouts  was  made  with  cement  which  was  3  months  old 
at  the  time  of  gauging,  from  the  time  of  gi'inding. 

Batch  1,  cement  without  plaster,  was  gauged  with  27i  per  cent  of 
ice  water  at  the  temperature  of  about  32^^  1 .  It  made  a  mortar  of 
ordinary  consistency,  as  generally  used  in  stone  masonry.  Two  min- 
utes after  mixing  the  Imtch  stiffened..  It  was  broken  up  and  at  once 
tamped  into  the  molds. 

Batch  2  was  gauged  with  40  per  cent  of  water  at  the  temperature  of 
about  32^^  F.  There  was  an  interval  of  4  minutes  after  mixing  before 
the  material  took  a  thick,  pasty  state.  Six  minutes  after  mixing  it 
was  tamped  into  the  molds.  When  broken  up  it  was  a  stiff,  granular 
mass,  but  flushed  water  when  tamped. 

Batch  3  was  made  from  a  barrel  of  cement  freshly  opened.  The 
other  material  of  this  series  came  from  a  barrel  which  had  been  opened 
for  a  number  of  weeks.  This  batch  was  gauged  with  the  same  amount 
of  water  as  No.  2,  and  at  the  same  temperature.  It  made  a  thick  grout 
which  lost  some  of  its  consistency  upon  standing,  and  water  came  to 
the  surface.  It  had  not  thickened  2^  hours  after  mixing,  at  which 
time  the  surface  water  was  stirred  in  and  the  material  put  m  molds. 

Batch  4  was  gauged  with  50  per  cent  water  at  32^  F.  Sixteen  min- 
utes after  mixing  tne  batch  had  acquired  a  thick,  gelatinous  state,  and 
was  then  put  into  molds. 

Batch  5  was  gauged  with  40  per  cent  of  hot  water  at  the  tempera- 
ture of  190^  F.  It  made  a  thin  mortar,  which  was  at  once  put  into 
the  molds. 

Batch  6  was  gauged  with  50  per  cent  of  hot  water  at  the  temperature 
of  170^  F.  It  macle  a  very  thick  grout,  which  was  immediately  poured 
into  the  molds. 

Batch  7  was  gauged  with  40  per  cent  of  water  at  32°  F.  In  this 
instance  the  cement  was  also  cooled  before  using.  The  mixture  did 
not  tliicken  into  a  paste,  and  7  hours  after  gauging  was  put  into  the 
molds,  a  fairly  thick  grout. 

Batch  8  was  gauged  with  30  per  cent  of  water  at  32°  F.  The  cement 
was  not  cooled.  The  water  was  absorbed  and  the  material  became  a 
fairly  stiff  paste  25  minutes  after  mixing,  and  was  in  the  molds  5 
minutes  later. 

Batch  9  was  made  of  cement  with  plaster,  the  ordinary  commercial 
cement.  It  was  gauged  with  30  per  cent  of  water  at  32°  F.  Forty 
minutes  after  mixing  the  material  had  stiffened,  and  was  then  put  into 
molds. 

The  material  of  the  several  batches  set  in  air,  and  were  tested  when 
a  few  da3^s  over  a  month  old. 
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Tensile  and  Compbessiye  Tests  and  Determination  of  Fineness 
AND  Specific  Gravitt  of  Cement. 

Brand,  Peninsular  cement^  neat. 

TENSILE  TESTS. 

Ten  briquettes  of  each  kind  tested. 


Water. 

Age  in- 

Tensile  strength  per  square  inch. 

Air. 

Water. 

Maximum. 

Minimum. 

Mean. 

Percent. 
20 
20 
20 
20 
20 

22 
22 
22 
22 
22 

26 
25 
25 
25 
26 

Days. 
28 

28 

28 

Days. 

Pounds. 
221 
893 
641 
886 
962 

209 
482 
518 
724 
1,010 

228 
475 
552 

388 
807 

Pounds. 
177 
301 
487 
658 
857 

166 
308 
421 
502 
782 

148 
301 
393 
251 
696 

Pounds. 
196 
354 
566 
780 
906 

189 
892 
457 
666 
866 

190 
402 
460 
829 

758 

6 
27 

6 
27 

6 
27 

COMPRESSIVE  TESTS,  2"  CUBES. 

Ten  cubes  of  each  kind  tested. 


Water. 

Age  in- 

Compressive  strength  per  square 
inch. 

Air. 

Water. 

Maximum. 

Minimum. 

Mean. 

Percent. 
20 
20 
20 
20 
20 

22 
22 
22 
22 
22 

25 
25 
25 
25 
25 

Days. 

28 

28 
28 

Days. 

Pounds. 
801 
8,430 
4,370 
4,830 
8,280 

670 
3,680 
4,310 
6,370 
7,810 

450 
8,210 
3,550 
4,440 
8,740 

Pounds. 
654 
2,700 
3.490 
3,770 
5,730 

530 
8,010 
3,030 
3,620 
6,360 

398 
2,120 
2,680 
3,360 
6,810 

Pounds. 
717 
8,040 
3,990 
4,250 
7,370 

596 
3,260 
3,760 
4,720 
6,870 

430 
2,610 
8,180 
8,880 
7,580 

6 
27 

6 
27 

6 
27 

Fineness:  Per  cent. 

Retained  on  98x100  sieve 4.96 

Passed  by  98x100  sieve  and  retained  on  174x182  bolting  cloth 19.75 

Passed  by  174x182  bolting  cloth 76.30 

Specific  gravity: 

As  taken  from  barrel 8.20 

After  mixing  ivith  22  per  cent  of  water,  setting  7  days  in  air,  reground,  and  heating  to  a 

constant  weight  at  110°  0 2.81 


Per  cent. 

Silica 24.21 

Oxide  of  iron 8.88 

Alumina 11.25 

Lime 56.41 

Magnesia 1. 50 

Sulphur  trioxide 1. 25 

Carbon  dioxide 1. 50 

Compression    Tests  of   Cement-Mortar   Cubes    for  the   U.  S. 

Engineer  Corps. 

The  following  data,  with  regard  to  composition  and  age,  were  fur- 
nished by  the  Engineer  Corps: 


Marks. 

Date  of 
fabri- 
cation. 

Cement. 

Sand. 

Parte 

by 
weight 

.sand 
to  one 
of  ce- 
ment. 

Water 
to  dry 
aggre- 
gates. 

Age  when  bro- 
ken. 

Kind. 

Brand. 

Kind. 

FinencHs. 

lA.. 

2A  .. 
3A.. 
4A.. 
5A.. 
6A.. 
7A.. 

1899. 
Dec.  4 

Dec.  5 
Dec.  8 
Dec.  7 
Dec.  9 
Dec.  11 
Dec.  12 

Yrs. 
2 

2 
2 
2 
2 
2 
2 

Jtfb*. 
6 

6 
5 
5 
5 
5 
5 

Ikiys. 
20 

19 
16 
17 
15 
13 
12 

Portliiinl  . 

do.... 

do.... 

Atlas. 

....do. 
....do. 

SuDcrior 
Entry. 

....do.... 
....do.... 

13.62  per  cent 
passing    80 
sieve. 

do 

do 

1-1 

1-U 
1-2 
l-2i 
1-3 

1^ 

Percent. 
9.07 

8.39 
7.94 
7.61 
7.36 
7.17 
7.03 

do.... 

....do. 

do.  .. 

.  .do.  . 

do.... 

do.... 

....do. 
....do. 

....do.... 
....do.... 

do 

do 

do.... 

....do. 

....do.... 

do 

Cubes  were  kept  8  months  in  dry  air,  15  days  in  water  at  65^ 
then  kept  in  air  until  date  of  crushing. 


Compressed  surfaces  faced  with  plaster  of  paris  to  secure  even  bear- 
ings in  the  testing  machine. 


Dimensions. 

Sec- 

Ultimate strength. 

Marks. 

tional 

First  crack. 

Height. 

Compressed  sur- 
face. 

area. 

Total. 

Per  square 
inch. 

Inches. 

Inches. 

Inches. 

Sq.  inches. 

Pounds. 

Poitnds. 

Pounds. 

lA.. 

6.03 

6.05 

5.97 

86.12 

409,200 

409,200 

11,380 

2A.. 

6.02 

5.98 

6.03 

36.06 

871,000 

374,500 

10,390 

8A  .. 

6.03 

6.02 

5.97 

35.94 

341,000 

342,000 

9,520 

4A  .. 

6.02 

5.97 

6.03 

86.00 

289,000 

292,100 

8.110 

5A  .. 

6.04 

5.98 

6.04 

86.12 

219,000 

221,800 

6,140 

6A  .. 

6.03 

5.97 

6.03 

36.00 

226,000 

226,000 

6.280 

7A.. 

6.02 

6.03 

5.98 

86.06 

183.000 

188,500 

5,290 

CON0B£TK. 
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BOSTON    ELEVATED  RAILWAY   COMPANY. 


Atlas  cement  used.     Set  in  air. 


Marks. 

Ck>mpo8ition. 

Weight. 

Age. 

Cement. 

Sand. 

Stone. 

Total. 

Per  cubic 
foot. 

1 
2 
8 

4 
6 
6 

2 
2 
2 
8 
8 
8 

Pounds, 
151 
152 
154.5 
154 
153 
162.6 

Pounds, 
149.5 
160.6 
161.5 
149.5 
160.0 
148.0 

Jiays. 

Compressed  surfaces  faced  with  plaster  of  paris. 


DimenBionii. 

■ 

CompreflsiTe  strength. 

MarkH. 

Sec- 
tional 

First  crack. 

Height. 

Compreased  sur- 
face. 

area. 

Total. 

Per  square 
inch. 

Inches. 

Inches. 

Inches. 

Sq.  inches. 

Pounds. 

Pounds. 

Pounds. 

1 

12.02 

12.06 

12.02 

144.96 

174,000 

187,100 

1,290 

2 

12.00 

12.11 

12.06 

146.05 

162,600 

177,800 

1,220 

3 

12.02 

12. 12 

12.11 

146.77 

188,000 

205,600 

1,400 

4 

12.09 

12.08          12.16 

146.89 

117,000 

186,500 

1,260 

5 

12.09 

12.03      .    12.15 

146.16 

124,000 

161, 100 

1.100 

6 

12.08 

12. 15           12. 14 

147.50 

99,000 

118,400 

800 

GUSS. 
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Glass. 

transvebse  tests. 

Lights  of  common  window  gla8s  supported  at  the  en< 
at  the  middle. 


Length,  S  feet  6  inches. 
Depth,  .121  inch. 
Width,  4.95  inches. 
Span,  2  feet. 


Total  load 
at  middle. 

Deflco- 
tlons. 

Successive 
deflectionR. 

Set. 

Kemarkn. 

Pounds. 
1.5 
2.0 
2.5 
8.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 

Inch. 

0. 
.0196 
.0850 
.0534 
.0717 
.0909 
.1099 
.1288 
.1480 
.1667 
.1860 
.2047 
.2239 

Inch. 

0. 
.0196 
.0157 
.01»4 
.0183 
.0192 
.0190 
.0189 
.0192 
.0187 
.0193 
.0187 
.0192 

Inch. 

Initial  load. 

0. 

.0006 

« 

OlaM  ruptured. 

Modulus  of  rupture,  3,730  pounds  per  square  inch, 
elasticitj'  (between  4  and  7  pounds),  10,800,000  pounds  per 

Length,  2  feet  2  inches. 
Depth,  .119  inch. 
Width,  5.02  inches. 
Span,  2  feet. 


Totol  load 
at  middle. 

Deflec- 
tions. 

Succesfiive 
deflections. 

Setiu 

Remarlcs. 

Pounds. 
1.5 
2.0 
2.5 
8.0 
8.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.0 
6.0 

Inch. 

0. 

.0185 
.0814 
.0488 
.0671 
.0853 
.1065 
.1217 
.1400 
.1583 
.1599 
.1596 

Inch. 

0. 

.0185 
.0179 
.0174 
.0183 
.0182 
.0182 
.0182 
.0183 
.0183 
.0016 

Inch. 

Initial  load. 

.0007 

.0011 

After  18  honra  under  6  ponnds  k 

Glass  ruptured  21  hours  after  the  6-pound  load  was  appli 
after  the  last  set  was  taken. 

Modulus  of  rupture,  3,040  pounds  per  square  inch, 
elasticity  (between  3  and  6  pounds),  11,190,000  pounds  per 


DOUGLAS  FIR  AND  WHITE  OAK  WO' 


TRANSVERSE  AND  SHEARING  TESTS;   Al&O  0B8ERVATI0 

CONDUCTIVITY   OF  STICKS  OVER  WOOD  FIRES  AND 

EXPOSED  TO  LOW  TEMPERATURE.     EXPANSION  ( 

WISE  THE  GRAIN  OF  WOOD  AFTER  SUBMERSK 


^ 


Douglas  1<ir  Wood. 

details  of  transverse  tests. 

No.  717. 
Marks,  7.     (First  specimen.) 
Len^,  12  feet. 
Breadth,  7".69. 
Depth,  7".  68. 

Weight,  156  pounds.     Weight  per  cubic  foot,  32.33 
Rate  of  growth,  12  rings  per  inch. 


-^ 


.rr 


"TT 


Ends  supported  10  feet  apart.     Ijoaded  at  the  inidd 
Deflections  measured  at  the  middle. 


Applied  loads. 

SucCGSBive 
deflec- 
tions. 

Defleotioii 

SOtH. 

Total. 

Maximum 

fiber  stress 

per  square 

inch. 

Deflec- 
tlonn. 

Ren  1 

500 

Pfwndj. 

Jnrheg. 
0. 

Inch. 
0. 
.087 
.078 
.009 
.078 
.072 
.074 
.070 
.078 
.074 
.072 
.077 
.074 

.071 
.075 
.075 
.083 
.080 

Inch. 

Initial  load. 

1,000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
8.000 
9.000 
10,000 
11,000 
12,000 

18,000 
14,000 
15.000 
16,000 
17.000 
27,800 

.087 
.110 
.179 
.282 
.824 
.898 
.468 
.641 
.615 
.687 
.764 
.888 

.909 

.984 

1.069 

1.142 

1.222 

.002 

.003 

.006 

.008 

.011 

.014 

E  (2,000-12,000)- 
per  square  Incli 

.017 

11,470 

Ultimate  strengtli 

Splintering  fracture  on  the  tension  side,  with  cinishinj 
on  tne  compression  side  in  the  vicinity  of  the  middle  sh 


Marks,  7.     (Second  .specimen.) 

Length,  8.23  feet. 

Breadth,  7".37. 

Depth,  7".44. 

Weight,  112  pounds.     Weight  per  cubic  foot,  35.72  pounds. 

Rate  of  growth,  12  rings  per  inch. 

I 

-,   , ^ 


^ 


^ 


Ends  supported  7.5  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loadM. 

Deflec- 
Uons. 

Successive 
deflec- 
tions. 

DeflecUou 
seta. 

Remarks. 

i 

Totol. 

Maximum 
fiber  Btress 

Pounds. 
500 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 

13,000 
14.000 
15,000 
16,000 
17,000 
18.000 
19,000 
20.000 
36,600 

Pounds. 

Inch. 
0. 

.014 
.047 
.079 

Inch. 
0. 

.014 
.033 

Inch, 

luitial  load.                                         ' 

.002 

.032 

1 

.111    1           .032 
.143               .082 
.176    1           .032 
.206    1           .031 
.238    j            .032 

.004 

E  (2,00(V-12.000) -1,943,000  pounds 
per  square  inch. 

Ultimate  strength. 

.006 

.006 

.  2eS9    '             Ml 

.300 
.332 
.365 

.395 
.427 
.463 
.496 
.531 
.563 
.597 
.628 

.081 
.032 
.083 

.060 
.032 
.036 
.033 
.085 
.032 
.034 

(Ml 

.009 

.011 

.013 

.014 

.017 

i2,ii6 

1 

Beam  fractured  on  the  tension  side,  followed  by  shearing  along  the 
grain. 


J 


Marks,  12. 

Length,  12  feet. 

Breadth,  7".  57. 

Depth,  7".  54. 

Weight,  159  pounds.     Weight  per  cubic  foot,  33.43 

Rate  of  growth,  11  rings  per  inch. 

I 

"^     — n 


/©' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle 
Deflections  measured  at  trie  middle. 


Applied  loads. 

Successive 
deflec- 
tions. 

Deflection 
sets. 

Total. 

'M'^.TimniTi 

fiber  Stress 

per  square 

inch. 

Deflec- 
tions. 

Ren  1 

Pound: 
600 
1.000 
2,000 
8,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10.000 
11,000 
12.000 

13,000 
14,000 
15,000 
16,000 
17,000 
23.900 

Pound$. 

Inches. 
0. 

.040 
.117 
.194 
.270 
.346 
.421 
.498 
.677 
.650 
.726 
.804 
.881 

.967 
1.042 
1.124 
1.211 
1.296 

Inch. 
0. 
.040 
.077 
.077 
.076 
.076 
.075 
.077 
.079 
.073 
.076 
.078 
.077 

.076 
.066 
.082 
.087 
.084 

Inch. 

Initial  load. 

.008 

.006 

» 

.009 

.012 

.016 

.018 

E  (2,000-12,000)=! 
per  square  inch 

10,000 

Ultimate  strength 

Splintering  fracture  on  the  tension  side,  with  crushinj 
on  the  compression  side  in  the  vicinity  of  the  middle  she 


Marks,  13. 

Length,  12  feet. 

Breadth,  5".50. 

Depth,  13".40. 

Weight,  211  pounds.     Weight  per  cubic  foot,  34.35  pounds. 

Eate  of  growth,  9  rings  per  incli. 


I 


1 


"7T" 


10* 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loadH. 

Defler- 
tiona. 

Succemive 
deflec- 
tions. 

Deflection 
aetH. 

Remarks. 

Total. 

200 
1,000 
2,000 
8,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 

12,000 
18,000 
14,000 
15,000 
16,000 
17,000 
18.000 
19,000 
20,000 

21,000 

41,000 

Maximum 

fiber  strem 

pernquare 

inch. 

Pwmdi. 

0. 
.     .028 
.049 
.076 
.102 
.128 
.164 
.178 
.202 
.226 
.262 
.277 

.804 
.881 
.869 
.888 
.411 
.439 
.472 
.509 
.548 

Inch, 
0. 

.028 
.026 
.026 
.027 
.026 
.026 
.024 
.024 
.024 
.026 
.026 

.027 
.027 
.028 
.029 
.028 
.028 
.038 
.087 
.084 

Iwh. 

Initial  load. 

E  (1,000-11.000) =1.28.'>.000  ponndu 
per  Bquan^  inch. 

Shoe  at  middle  Indented  the  wood 
i".    Shoe  6f»  wide  now  iwHHl. 

Shoe  indented  the  wood  J".  Shoe 
8^  wide  now  used. 

Ultimate  strength. 

7,470 



The  beam  fractured  on  the  tension  side,  3  feet  from  middle  of  length, 
extending  about  6  feet  diagonally  across  the  stick.  Shoe  at  middle 
bearing  indented  the  wood  from  i"  to  f ". 


Marks,  15.     (First  specimen.) 

Length,  11.07  feet. 

Breadth,  2".80. 

Depth,  7".65. 

Weight,  66  pounds.     Weight  per  cubic  foot,  33.98  po 

Eate  of  growth,  23  rings  per  inch. 


I 


j^> ' 


1 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applie< 
Total. 

1  loads. 

Maximum 
fiber  strem 

Deflec- 
tions. 

SacceaHive 
deflec- 
tions. 

DeflecUon 
sets. 

Remai 

Pound$. 

200 

400 

600 

800 

1,000 

2,000 

3,000 

4,000 

5,000 
6,000 
6,200 
6,400 
6,600 
6,800 
7,000 
10,200 

Pound$. 

Inch. 
0. 

.088 
.075 
.111 
.151 
.833 
.518 
.695 

.871 
1.061 
1.100 
1.187 
1.183 
1.227 
1.277 

Inch, 
0. 

.088 
.087 
.086 
.040 
.182 
.180 
.182 

.176 
.190 
.069 
.087 
.046 
.044 
.050 

Inch. 

Initial  load. 

.001 
.001 
.002 
.006 

.010 

E  (1,000-4,000) »  U 
per  square  inch. 

11,200 

intimate  strength. 

Splintering  fracture   on   the  tension   side  of   the  be 
crushed  at  the  middle  bearing. 


j^yj,    iJLt7. 


Markj),  15.     (Second  Hpecimen.) 

Length,  11.06  feet. 

Breadth,  2".86. 

Depth,  r'.50. 

Weight,  56  pounds.     Weight  per  oiibic  foot,  33.97  pounds. 

Rate  of  growth,  23  rings  per  inch. 

I 


/o* 


TT 

— » 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 

tlOIlB. 

SucceaHlve 
deflec- 
tionB. 

Deflection 
sets. 

Remarks. 

ToUl. 

Maximum 
fiber  strew 

Ptnindg. 

200 

400 

600 

800 

1,000 

2,000 

3,000 

4,000 
5,000 
6.000 
6,200 
6,400 
6,600 
6,800 
7.000 
7,700 

Pmindt. 

Incha. 
0. 

.089 
.078 
.116 
.152 
.889 
.582 

.717 
.907 
1.118 
1.160 
1.206 
1.256 
1.809 
1.868 

Inch. 
0. 

.089 
.089 
.088 
.006 
.187 
.198 

.185 
.190 
.211 
.042 
.046 
.050 
.058 
.059 

Inch. 

Initial  load. 

.004 
.008 
.013 

.016 
.021 

E  (1.000-3,000)^^1,930,000  pounds 
per  square  inch. 

8,610 

Ultimate  strength. 



Split  along  the  grain  diagonally  from  near  the  middle  almost  to 
the  end. 


XlV/«      %  JL4J* 


Marks,  22.     (Tested  perpendicular  to  rings  of  growtl 

Length,  12.02  feet. 

Breadth,  4".53. 

Dejjth,  4".51. 

Weight,  61  pounds.     Weight  per  cubic  foot,  »35. 74  p<  i 

Rate  of  growth,  12  rings  per  inch. 


I 
Jl. 


TT 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loadB. 

Deflec- 
tions. 

SucoeaslTe 
deflec- 
tions. 

DeflecUon 
sets. 

Total. 

Murimum 
fiber  itreas 

Remi  - 

P&unda. 

200 

400 

600 

1,000 

1,600 

2,000 

2,600 
8,000 
8,600 
4,000 
4,900 

Pounds. 

IncheB. 
0. 

.066 
.136 
.867 
.694 
.827 

1.076 
1.812 
1.666 
1.809 

Indi. 
0. 

.066 
.049 
.282 
.227 
.288 

.248 
.287 
.248 
.264 

Inch. 

IniUal  load. 

.001 

.010 

E  ( 1,000-2,000)  »2,:  [ 

• 

per  square  inch. 

9,670 

Ultimate  stren^h. 

Splintering  fracture  on  the  tension  side,  taking  a  diag<  i 
a  distance  of  about  3  feet. 


No.  22.     (Tested  parallel  to  rings  of  growth.) 

Lengtii,  12  feet 

Breadth,  4".49. 

Depth,  4".  50. 

Weight,  60  pounds.     Weight  per  cubic  foot,  36.63  pounds. 

Rate  of  growth,  12  rings  per  inch. 

i 


-fF 
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TT 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tae  middle. 


Applied  loadB. 

Deflec- 
tions. 

Buccearive 
deflec- 
tions. 

DeflecUon 
sets. 

RemarkA. 

Total. 

Maximum 
fiber  stresR 
peraqnare 

PoundB. 

200 

400 

500 

1,000 

1,500 

2,000 

2,500 
3,000 
4.500 

Ammb. 

Inchn.           Inch. 

.0       1        0. 

Inch, 

IniUal  load. 

E   (1,000-2.000)  =2,218,000  pounds 
per  square  inch. 

.091               .091 
.137    1           .04fi 

.309 
.609 
.856 

1.100 
1.884 

.282 
.240 
.246 

.245 
.284 

.001 

.011 

8,910 

Ultimate  strength. 

Split  along  the  grain  diagonally,  beginning  at  middle  and  extending 
almost  to  the  end. 


4 


nu,  <vo. 


Marks,  28. 

Length,  11.99  feet. 

Breadth,  5". 52. 

Depth,  13".35. 

Weight,  207  pounds.     Weight  per  cubic  foot,  33.74    ( 

Rate  of  growth,  14  rings  per  inch. 


I 


1 

JOL. 


TT 


*^xa^ 


Ends  supported  10  feet  apart.     Loaded  at  the  middle 
Deflections  measured  at  tno  middle. 


Applied  loads. 

Deflec- 

tiODA. 

Sucoenive 
deflec- 

tiODS. 

Deflection 
sets. 

Total. 

Maxlintim 
fiber  strefB 

Rem 

Pounds. 
500 
1,000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10.000 
11,000 
12,000 

18,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21.000 
22,000 
28,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80.000 
80,500 

48,000 

Pounds. 

Inch. 
0. 

.014 
.088 
.062 
.065 
.108 
.181 
.154 

'     .177 
.199 
.221 
.245 
.267 

.290 
.812 
.386 
.858 

.881 
.408 
.426 
.449 
.472 
.497 
.520 
.548 
.566 
.596 
.621 
.648 
.678 
.702 

Inch. 
0. 
.014 
.024 
.024 
.023 
.023 
.028 
.028 
.028 

/«c*. 

Initial  load. 



.022 
.022 
.024 
.022 

.023 
.022 
.024 
.022 
.028 
.022 
.028 
.028 
.028 
.025 
.028 
.028 
.028 
.029 
.026 
.027 
.025 
.029 



£  (2,000-12,000)=! 

per  square  inch. 

Load  removed  an 

8,780 

wide  put  in  pic 
bearing. 
TTItimate  streng'th^ 

Sheared  along  the  grain  in  three  places, 
compression  side  near  the  middle. 
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Fibers  ci 


No.  714. 

Marks,  31.     (Tested  perpendicular  to  rings  of  growth.) 

Length,  12  feet. 

Breadth,  4".  90. 

Dei)th,  4".87. 

Weight,  67.5  pounds.     Weight  per  cubic  foot,  33.92  pounds. 

Rate  of  growth,  17  rings  per  inch. 


I 


TT 


^^^-^ 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
tions. 

Saccessive 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Total. 

Maximam 
fiber  Btrees 

Pounds. 

200 

500 

1,000 

1,600 

2,000 

2,600 
8,000 
8,600 
5,860 

Pounds. 

Iwihes. 
0. 

.120 
.827 
.688 
.746 

.956 
1.169 
1.881 

Inch. 
0. 

.120 
.207 
.206 
.218 

.210 
.218 
.212 

Inch. 

IniUal  load. 

£  (1.000-2.000)  =1,875,000  Douuds 
per  square  inch. 

• 
Ultimate  strength. 

.006 

.018 

8,290 

Split  along  the  grain  diagonally,  beginning  on  tension  side. 


11 U.    iXO, 


Marks,  31.     (Tested  parallel  to  rings  of  growth.) 

Length,  12  feet. 

Breadth,  4''.81. 

Depth,  4".  86. 

Weight,  66  pounds.     Weight  per  cubic  foot,  33.89  poi 

Rate  of  growth,  17  rings  per  inch. 

I 


<=;?= 
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— » 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
Uons. 

SucoeniTe 
deflec- 

tiODfl. 

Deflection 
seta. 

Total. 

Mazimnm 
fiber  stren 

Remarl 

Pounds, 

200 

500 

1,000 

1,600 

2,000 

2,600 
8000 
8,600 
5,100 

PaundB. 

Inehet, 
0. 

.128 
.881 
.680 
.760 

.968 
1.177 
1.882 

Inch, 

0. 
.128 
.206 
.206 
.211 

.208 
.219 
.215 

Inch, 

Initial  load. 

.008 

.012 

£  (1,000-2,000)=1,68 

per  square  Inch. 

8,060 

Ultimate  stiuigth. 

1 

Split  along  the  grain  diagonally  from  middle  to  one  end 


Marks,  34.    (First  specimen.) 

Length,  12  feet. 

Breadth,  3". 80. 

Depth,  9".70. 

Weight,  91  pounds.     Weight  per  cubic  foot,  29.62  pounds. 

Eate  of  growth,  11  rings  per  inch. 


I 

-Q- 

■    7T 
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—^ 
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Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle.     . 


Applied  loadB. 

Deflec- 
tions. 

Sacoeniye 
defieo- 
tions. 

Deflection 
Bets. 

Remarks. 

Total. 

Maximum 
fiber  8tre88 

Pounds. 
600 
1,000 
1,600 
2,000 
2,600 
8,000 
8,600 
4,000 
4.600 
5,000 
5,600 
6,000 

6,600 
7,000 
7,500 
8,000 
8,500 
9,000 
9,500 
10,000 
18,800 

i\mfidf. 

Inches. 
0. 

.067 
.117 
.173 
.229 
.286 
.344 
.403 
.461 
.519 
.577 
.686 

.696 

.757 

.822 

.885 

.948 

1.010 

1.084 

1.166 

Inch. 
0. 

.067 
.060 
.066 
.066 
.067 
.068 
.069 
.068 
.068 
.068 
.069 

.060 
.061 
.065 
.068 
.068 
.067 
.074 
.071 

Inch, 

IniUal  load. 

E   (2,000-6,000)  =1,102,000   pounds 
per  square  Inch. 

UlUmate  stren^h. 

.006 

.011 

.017 

.081 

6,960 

Splintering  fractures  on  tension  side  extending  half  the  depth  of  the 
beam.     Fibera  crushed  on  the  compression  side. 


XI  w*     •  LTvr* 


Marks,  34.     (Second  specimen.) 

Length,  8.22  feet. 

Breadth,  3".78. 

Dei)th,  9".70. 

Weight,  63  pounds.     Weight  per  cubic  foot,  30.08  poi 

Eate  of  growth,  11  rings  per  inch. 


I 


J 

•  #•-• 

1 

.  r. 

^fv 
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Ends  supported  7.5  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


AppUed  loads. 

Deflec- 
tions. 

Sucoearive 
deflec- 
ttons. 

Deflection 
sets. 

Total. 

Maximum 
fiber  stress 
persquare 

Remarl 

PoundM. 
1,000 
2,000 
3,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 

18,000 
14,000 
23,800 

P&uruU. 

Inch. 
0. 
.043 
•      .066 
.128 
.169 
.213 
.263 
.294 
.337 
.380 
.425 
.471 

Inch. 
0. 

.048 
.048 
.042 
.041 
.044 
.040 
.041 
.018 
.048 
.045 
.046 

Inch, 

Initial  load. 

.006 

.009 

.018 

E  (4,000-12,000) =1,2^ 

1 
.612    1           .041 
.657    1           .046 

per  square  inch. 

8,840 

Ultimate  strength. 

1 

Beam  fractured  on  the   tension   side, 
bearing. 


Fibers  crushe< 


Marks,  40.     (First  specimen.) 

Lengthy  12  feet. 

Breadth,  8".70. 

Deijth,  11".  16. 

Weight>L24  pounds.     Weight  per  cubic  foot,  86.04  pounds. 

Bate  of  groTdih,  18  rings  per  inch. 


I 
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Ends  supported  10  feet  apart     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


AppUedloMls. 

Deflec- 
tions. 

Sncoenlve 
deflec- 
tiong. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 

fiber  8tre8B 

pernqaare 

inch. 

FrnvnO*. 
600 
1,000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
8,000 

9,000 
10.000 
11,000 
12,000 
18,000 
14,000 
15,000 
16,000 
16,600 

0. 

.027 
.081 
.184 
.186 
.241 
.292 
.860 
.408 

.456 
.510 
.562 
.614 
.668 
.721 
.769 
.828 

JflCft. 

0. 

.027 
.064 
.068 
.062 
.065 
.061 
.068 
.068 

.068 
.062 
.062 
.062 
.064 
.068 
.048 
.069 

Inch. 

Initial  load. 

.004 

.008 

.012 

.015 

E  (2,000-8,000) »l,tt26,000  pounds 
per  square  inch. 

Bested  1  hour  under  500  pounds. 
Ultimate  strength. 

.017 

.020 

.024 

.028 

6,460 

Cross  grained,  split  along  the  grain  diagonally  almost  from  end  to 
end. 


jyxarKs,  4U.     ^oecona  specimen.; 

Length,  8.16  feet 

Breadth,  3".70. 

Depth,  ll'M3. 

Weight,  77  pounds.     Weight  per  cubic  foot,  33  pou 

Rate  of  growth,  18  rings  per  inch. 


I 


I 
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Ends  supported  7.5  feet  apart.     Loaded  at  the  midd 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 

tiOM. 

Inch. 
0. 
.029 
.067 
.065 
.118 
.140 
.167 
.196 
.223 
.250 
.276 
.304 

.830 
.358 
.385 
.414 

SnccesBiye 
deflec- 
tioos. 

Deflectton 
Bets. 

Total. 

fiber  gtresb 

Rei   ! 

Pounds. 
1,000 
2,000 
8,000 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 

18,000 
14,000 

Pounds. 

Inch. 
0. 

.029 
.028 
.028 
.028 
.027 
.027 
.028 
.028 
.027 
.026 
.028 

.026 
.028 
.027 
.029 

Inch. 

Initial  load. 

.004 

.007 

.010 

E  (1,000-12,000)=  1 



per  square  inc 

15,000 
16,000 

.016 

Cmcked. 

1        26,800 

7,890 

Ultimate  Rtrengt : 

Split  along  the  grainvdiagonally  about  three-fourths  o 
the  oeam. 


Marks,  46. 

Length,  12  feet. 

Breadth,  2".67. 

Depth,  7" AS. 

Weight,  61  pounds.     Weight  per  cubic  foot,  36.67  pounds. 

Rate  of  growth,  12  rings  per  inch. 

1 


'  '^^j' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
tiona. 

Succeflsiye 
deflec- 
tioua. 

Deflection 
seta. 

Remarks. 

Total. 

Maximum 

flberstrem 

per  square 

inch. 

Poundt. 

200 

1,000 

2,000 

8,000 

4,000 
6,000 
6,000 
6,200 
6,400 
6,600 
6,800 
,         7,000 
8,800 

Amndf. 

Inches. 
0. 

.156 
.347 
.541 

.744 
.989 
1.189 
1.176 
1.217 
1.267 
1.800 
1.343 

Inch. 
0. 

.166 
.191 
.194 

.208 
.195 
.200 
.086 
.042 
.040 
.043 
.043 

Inch. 

Initial  load. 

E    ( 1.000-^,000)  »2.051,000    pounds 
per  square  Inch. 

Ultimate  strength. 

.001 
.008 
.009 

.012 
.016 

10,610 

Fractured  on  the  tension  side  and  split  along  the  grain  toward  one 
end. 


i 


Marks,  48.     (First  specimen.) 

Length,  12  feet. 

Breadth,  6". 70. 

Depfli,  7".48. 

Weight,  115  pounds.     Weight  per  cubic  foot,  32.37  i 

Rate  of  growth,  14  rings  per  inch. 

1 


■  [ 


Ends  supported  10  feet  apart.    Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
tions. 

Suocessiye 
deflec- 
tions. 

Deflection 
sets. 

Total. 

Maximum 
fiber  stress 

Rems    1 

PountU, 

500 

1,000 

2,000 

Pound*. 

Inches. 
0. 

.048 
.141 
.238 
.882 
.423 
.516 
.612 
.709 

.804 
.901 
1.004 
1.108 
1.245 

Inch. 
0. 
.048 
.098 
.092 
.099 
.091 
.098 
.096 

Inch. 

Initial  load. 

.006 

3,000 

4,000 
5,000 
6,000 
7.000 
8,000 

9,000 
10,000 
11,000 
12,000 

.010 

.012 

.097 

.ois 

£  (2,000-8,000)  »1,! 
per  square  inch. 

.095 
.097 
.103 
.104 
.187 

.014 

.026 

13,000 

18,900 

10,670 

Ultimate  strength. 

Splintering  fracture  on  the  tension  side,  with  crushing 
at  the  ends  of  the  middle  shoe. 


Marks,  48.     (becond  specimen.) 

Length,  8.2  feet. 

Breadth,  5".69. 

Depth,  r'.47. 

Weight,  78  pounds.     Weight  per  cubic  foot, 

Rate  of  growth,  14  rings  per  inch. 


1.23  pounds. 


^ 


Ends  supported  7.5  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
Uona. 

Sncoeariye 
deflec- 
tiona. 

Deflection 
sets. 

Remarks. 

Total. 

Maximum 
fiber  strem 

Pounds. 
600 
1,000 
2.000 
3,000 
4,000 
6,000 
6.000 
7,000 
8.000 
9,000 
10,000 
11,000 
12,000 

13,000 
14,000 
27,100 

Pounds. 

Inch. 
0. 
.028 
.066 
.109 
.162 
.191 
.286 
.276 
.819 
.360 
.408 
.446 
.489 

.631 
.676 

IncJi. 
0. 
.023 
.043 
.043 
.043 
.089 
.014 
.041 
.043 
.041 
.048 
.042 
.044 

.042 
.044 

Inch, 

Initial  load. 

E  (2,000-12,000)^1.874.000  poonds 
per  square  inch. 

Ultimate  itrengtii. 

.002 

.006 

.007 

.010 

.018 

.016 

11,620 

Splintering  fracture  on  the  tension  side, 
midxile  bearing. 


Fibers  crushed  at  the 


J 


Marks,  52. 

Length,  12.02  feet. 

Breadth,  4".72. 

Dei)th,  11".51. 

Weight,  178  pounds.     Weight  per  cubic  foot,  39.1 

Bate  of  growth,  7  rings  per  incn. 


1 


IE 


*-a:4,r 


-TT- 


/C 


Ends  supported  10  feet  apart.     Loaded  at  the  mid( 
Deflections  measured  at  tne  middle. 


Applied  loadfl. 

Deflec- 
tions. 

SacceariYe 
deflec- 
tions. 

Deflection 

»«t8. 

Total. 

fiber  stren 

I 

Pounds. 

600 

1,000 

2.000 

8.000 

4.000 

6.000 

6.000 

7.000 

8.000 

9.000 

10.000 

11,600 

12.000 

13.000 
14.000 
16.000 
16.000 
17,000 
18.000 
19,000 
20,000 
21,000 
22,000 
28,000 
24.000 
26,000 
26,000 
27.000 
87.900 

ANHUlt. 

Inch. 
0. 
.017 
.060 
.061 
.U4 
.146 
.176 
.206 
.287 
.268 
.299 
.880 
.861 

.392 

Inch. 
0. 

.017 
.068 
.081 
.038 
.031 
.031 
.030 
.031 
.031 
.031 
.081 
.061 

OSl 

Inch. 

Initial  load 

£  (2.000-12,000 
per  square  ii 

.428    ,           .031 
.464    ;           .081 
.486               .031 
.616    ;            .081 
.649               .063 
.679    <            .060 
.609               .060 
.641               .062 
.674    1           .068 
.707               -QfiS 

.741 
.776 
.810 
.864 

.064 
.064 
.066 
.044 

Cracked. 

10,900 

Ultimate  fttrenj 

Sheared  along  the  grain  nearly  the  whole  length  of 
Fibers  cmshed  at  middle  bearing. 
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DOUQLAS   FIR   AND   WHITE    OAK    WOODS. 
No.  721. 


Marks,  69.     (First  specimen.) 

Length,  11.1  feet. 

Breadth,  2".78. 

Dei)th,  r'.60. 

Weight,  60  pounds.     Weight  per  cubic  foot,  31.22  pounds. 

Rate  of  growth,  19  rings  per  inch. 

1 


l.<' 

•  ^>i^ 

.^1 

H 

n 

Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
tionii. 

SnooeiBiye 
defleo- 
tions. 

seta. 

Remarln. 

Total. 

fiber  streai 

Pounda. 

200 

400 

600 

800 

1.000 

2.000 

8.000 

4.000 
6.000 
6,200 
6,400 
6,600 
6,800 
6,000 
8,800 

Pounds. 

Incnca. 
0. 
.048 
.089 
.183 
.176 
.389 
.607 

.880 
1.049 
1.096 
1.148 
1.190 
1.286 
1.286 

Inch. 
0. 

.048 
.041 
.044 
.048 
.218 
.218 

Inch, 

Initial  load. 

.002 
.007 
.013 

E  (1,000-^,000)  ^  1.717.000  pounds 
per  square  inch. 

Ultimate  strength. 

1 
.223    !            .016 

.219 
.    .046 
.048 
.047 
.046 
.060 

.019 

10,060 

Split  along  the  gmin  diagonally  from  middle  of  tension  side  to  about 
feet  from  one  end.     Fibers  crushed  in  vicinity  of  middle  bearing. 


Marks,  59.     (Second  specimen.) 

Length,  11.14  feet. 

Breadth,  2".69. 

Dei)th,  r'.76. 

Weight,  48  pounds.     Weight  per  cubic  foot,  29.71  p< 

Rate  of  growth,  19  rings  per  inch. 


I 


I 


'  ^'wJk^ 


-rr 


to' 


Ends  supported  10  feet  apart.    Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflection 
sets. 

Totol. 

MtfKimnm 
fiber  fltress 
per  square 

Bema 

Awmb. 

aoo 

1,000 
2,000 
8,000 

4,000 
5,000 
6,200 
6,400 
5,600 
5,800 
6,000 
8,600 

PwmdB, 

Jiicftet. 
0. 

.188 
.404 
.688 

.865 
1.106 
1.169 
1.211 
1.268 
L881 
1.888 

Inch. 
0. 

.188 
.221 
.229 

.282 
.248 
.051 
.052 
.062 
.068 
.057 

JneA. 

Initialload. 

.001 
.002 
.004 

.007 

E  (1,000-S,000)=1.. 
per  square  inch. 

9,480 

Ultimate  strength. 

Splintering  fracture  on  tension  side, 
middle  bearing. 


Fibers  crushed 


TABULATION  OP  TRANSVERSE  TESTS  OF  DOUGLAS  FIB  WOOD. 


Dimenslonfl. 

Modulnsof— 

No. 

Weight 

Rings 

of 

Matks. 

per 
cubic 
foot 

per 

Elasticity. 

Rnp- 

Remarks. 

test 

inch. 

Breadth. 

Depth. 

Span. 

per 
square 
inch. 

ture,  per 
square 
inch. 

Poundt. 

Inches. 

Inches. 

FM. 

Fmnds. 

Pounds. 

717 

7 

82.88 

12 

7.59 

7.58 

10 

1,825.000 

11.470 

First  n>ecimen. 
Second  q>ecimen. 

734 

7 

86.72 

12 

7.87 

7.44 

7.6 

1,948,000 

12,110 

718 

12 

88.48 

11 

7.67 

7.54 

10 

1,777,000 

10,000 

707 

18 

84.85 

9 

6.60 

13.40 

10 

1,285,000 

7,470 

720 

16 

88.98 

23 

2.80 

7.65 

10 

1,918,000 

11,200 

FicBt  specimen. 
Second  specimen. 

719 

16 

88.97 

28 

2.86 

7.60 

10 

1,990,000 

8,610 

712 

22 

86.74 

12 

4.68 

4.61 

10 

2,806,000 

9,670 

lar    to   rings  of 
growth. 

718 

22 

36.63 

12 

4.49 

4.50 

10 

2,218,000 

8,910 

Tested  paraUel  to 

708 

28 

33.74 

14 

6.52 

13.85 

10 

1,486,000 

8,780 

714 

81 

83.92 

17 

4.90 

4.87 

10 

1,875,000 

8,290 

lar   to   lings  of 
growth. 

716 

31 

88.89 

17 

4.81 

4.86 

10 

1,886,000 

8.080 

Tested  parallel  to 
rings  of  growth. 

716 

34 

29.62 

11 

8.80 

9.70 

10 

1,102,000 

6,960 

First  specimen. 
Second  specimen. 

786 

84 

80.06 

11 

3.78 

9.70 

7.5 

1,277,000 

8,840 

710 

40 

86.04 

18 

8.70 

11.16 

10 

1,626,000 

6,460 

First  specimen. 
Second  specimen. 

785 

40 

88.00 

18 

8.70 

11.13 

7.6 

1,842,000 

7,890 

728 

46 

86.67 

12 

2.67 

7.48 

10 

2,061,000 

10,610 

711 

48 

82.87 

14 

6.70 

7.48 

10 

1,987,000 

10,670 

First  specimen. 
Second  specimen. 

788 

48 

82.28 

14 

5.69 

7.47 

7.6 

1,874,000 

11,520 

709 

52 

89.25 

7 

4.72 

11.61 

10 

1,990,000 

10,900 

721 

59 

81.22 

19 

2.78 

7.60 

10 

1,717,000 

10,060 

First  roedmen. 
Second  specimen. 

722 

59 

29.71 

19 

2.69 

7.76 

10 

1,688,000 

9,490 

douglas  fir  and  white  oak  woods. 

White  Oak  Wood. 

details  of  transverse  tests. 

No.  724. 
Marks,  I. 
Length,  12  feet. 
Breadth,  3". 20. 
Dei)th,  11".03. 

Weight,  137  pounds.     Weight  per  cubic  foot,  46.60  pounds. 
Bate  of  growth,  16  rings  per  inch. 
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1 


I 


JOL 

.r,'-' 

•  «^^.4^ 

,./' 

7T 

■ri 

/«' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Defleo- 
tioxu. 

SucoeafdTe 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Total. 

Maxlmmn 
fiber  stresB 

Pounds, 
600 
1,000 
2,000 
8,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9.000 
10,000 

11.000 
12,000 
13,000 
14,000 
16,000 
28,800 

Pounds, 

Inches, 
0. 

.084 
.096 
.160 
.222 
.284 
.846 
.400 
.477 
.544 
.612 

.686 
.767 
.846 
.988 
1.082 

Inch. 
0. 

.084 
.062 
.064 
.062 
.062 
.061 
.064 
.068 
.067 
.068 

.074 
.061 
.079 
.067 
.099 

Inch, 

Initial  load. 

E  (2,00(K-10,000)»1,686,000  pounds 
per  square  inch. 

Ultimate  strength. 

.008 

.006 

.008 

.016 

.027 

.046 

11,010 

Fractured  on  the  tension  side  and  crushed  fibers  on  the  compression 
side  under  the  middle  shoe,  where  the  wood  was  indented  i". 


J.1U.     liSt/. 


Marks,  II. 

Length,  12.01  feet. 

Breadth,  3".37. 

Depth,  10".  90. 

Weight,  149  pounds.     Weight  per  cubic  foot,  48.64  pounds. 

Rate  of  growth,  9  rings  per  incn. 


.^. 


T/T" 


iO' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflec- 
tion sets. 

Total. 

Maximuixi 

fiber  stress 

per  square 

inch. 

Remarks. 

Poundi. 
600 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11.000 
12,000 

18,000 
14,000 
15.000 

iS'2£ 
27,600 

Pwmdt. 

Inch, 
0. 

.    .029 
.087 
.186 
.189 
.240 
.293 
.846 
.399 
.451 
.506 
.558 
.614 

.674 
.785 
.790 
.858 

Inch, 
0. 
.029 
.058 
.049 
.053 
.051 
.058 
.053 
.058 
.052 
.065 
.052 
.056 

.060 
.061 
.055 
.068 

Inch, 

Initial  load.                                       i 

£  (2,000-12,000)  »1, 588. 000  pounds 
per  square  inch. 

Ultimate  strength. 

.002 

.004 

.005 

.009 

.011 

.014 

.028 

12,410 

Splintering  fracture  on  tension  side, 
of  tne  middle  bearing. 


Fibers  crushed  in  the  vicinity 


Marks,  III. 

Length,  12.01  feet. 

Breadth,  3".62. 

Depth,  8".  93. 

Weight,  126  pounds.     Weight  per  cubic  foot,  46.73  i   i 

Rate  of  growth,  11  rings  per  inch. 


I 


I 


J^ 


j-'jr 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
tions. 

Successiye 
deflec- 
tions. 

Deflection 
sets. 

Total. 

Maximum 

fiber  Btrem 

per  square 

inch. 

Remu 

Pounds. 
600 
1,000 
2.000 
8.000 
4,000 
6,000 
6,000 
7,000 
8,000 

9,000 
10,000 
11,000 
12,000 
18.000 
19,700 

Pounds. 

Inches. 
0. 

.047 
.137 
.234 
.826 
.418 
.612 
.60i 
.696 

.795 

.895 

1.004 

1.1:26 

1.242 

Inch. 
0. 

.047 
.090 
.097 
.092 
.092 
.091 
.092 
.092 

.099 
.100 
.109 
.122 
.116 

Inch. 

Initial  load. 

.001 

.004 

.006 

.011 

E   (2,000^,000) -l,^ 
per  square  inch. 

.020 

12,280 

Ultimate  strength. 

Splintering  fracture  on  tension  side  of  beam.     Slight 
middle  bearing. 
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546  DOUGLAS    FIB   AND    WHITE   OAK    WOODS. 

No.  727. 

Marks,  IV. 

Length,  12  feet 

Breadth,  2".63. 

Dei)th,  7".  15. 

Weight,  62  pounds.     Weight  per  cubic  foot,  41.15  jiounds. 

Rate  of  growth,  12  rings  per  inch. 


1 


I 


■^ 


ZD 


/o' 


Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  tne  middle. 


Applied  loads. 


Total. 


200 

400 

600 

800 

1,000 

2,000 

3,000 

4,000 
4,200 
4,400 
4,600 
4,800 
5,000 
8,S00 


Maximnm  - 

fiber  RtreKN 

per  square 

inch. 


PounfU. 


11,5.'J0 


Dcflet- 
tions. 


Iiwhas. 
0. 
.066 
.128 
.190 
.2M 
.564 
.878 

1.236 
1.311 
1.389 
1.46H 
1.M8 
1.655 


deflec-       "^"^""'^  ■ 


Ittch. 
0. 

Inch. 

.065 

.063 

.062 

.064 
.810 
.314 

.358 

.661 
.002 
.006 

.075 
.078 
.079 
.080 
.107 



Remarks. 


Initial  load. 


K  (1,000-3,000) -^1.497,000    pounds 
per  square  inch. 


Ultimate  strength. 


1 


Fractured  on  the  tension  side,  accompanied  by  shearing  along  the 
grain. 


Marks,  V. 

Length,  11.98  feet. 

Breadth,  4".59. 

Depth,  11".18. 

Weight,  184  pounds.     Weight  per  cubic  foot,  43.08  ] 

Bate  of  growth,  11  rings  per  inch. 


I 


rifti 


^wri^ 


Ends  supported  10  feet  apart.     Loaded  at  the  middle 
Deflections  measured  at  tne  middle. 


Applied  loadn. 

Deflec- 
ttons. 

Successive 
deflec- 
Uons. 

sete. 

Total. 

fiber  Stress 

Rem 

Pounds. 

600 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
32,200 

Poundt. 

Incfux. 
0. 

.028 
.074 
.124 
.178 
.221 
.272 
.821 
.870 
.419 
.469 
.518 
.668 

.615 
.665 
.728 
.788 
.832 
.891 
.951 
1.017 

Inch. 
0. 

.023 
.051 
.060 
.049 
.048 
.051 
.049 
.049 
.049 
.060 
.049 
.060 

.047 
.060 
.058 
.060 
.049 
.059 
.060 
.066 

Inch, 

InlUal  load. 

.001 

.002 

.005 

.006 

.008 

.012 

E  (2,000-12,000)  = 
per  square  inch. 

.014 

.025 

10,110 

Splintering  fracture  on  the  tension  side. 


Marks,  VI. 

Length,  12  feet. 

Breadth,  3".39. 

Dei)th,  9".  28. 

Weight,  110  pounds.     Weight  per  cubic  foot,  41.97  pounds. 

Bate  of  growth,  15  rings  per  inch. 


i[ 
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Ends  supported  10  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Total. 

Maxlmam 

fiber  stresB 

per  square 

Inch. 

Pounds. 
600 
1,000 
2,000 
8,000 
4,000 

6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
14,600 

Pounds. 

Inches. 
0. 

.061 
.179 
.299 
.419 

.638 
.663 
.778 
.901 
1.042 

Inch. 
0. 

.061 
.118 
.120 
.120 

.119 
.116 
.120 
.128 
.141 

Inch. 

Initial  load. 

E  (2,000-4,000) =1,884,000  pounds 
per  square  inch. 

Ultimate  strength. 

.001 

.002 

.004 

.010 

9,010 

Splintering  fracture  on  the  tension  side. 


XI U.    lOV/, 


Marks,  VU. 

Length,  9.01  feet. 

Breadth,  3".40. 

Deijth,  11".01. 

Weight,  108  pounds.     Weight  per  cubic  foot,  46.15 

Rate  of  growth,  8  rings  per  incn. 


f>>. 


J' 


^ 


Ends  supported  8  feet  apai*t.     Loaded  at  the  middle 
Deflections  measured  at  the  middle. 


Applied  loads. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflection 
sets. 

Total. 

Maxlmuin 

fiber  stress 

per  square 

Inch. 

Rei 

Pounds. 
500 
1,000 
2,000 
8,000 
4,000 
5,000 
6.000 
7,000 
8,000 
9,000 
10,000 

11,000 
12,000 
18,000 
14,000 
23,400 

Poundg. 

Inch. 
0. 

.024 
.068 
.112 
.154 
.199 
.244 
.290 
.335 
.379 
.424 

.470 
.517 
.567 
.617 

Inch. 
0. 
.024 
.044 
.044 
.042 
.046 
.045 
.046 
.045 
.044 
.045 

.046 
.047 
.050 
.050 

Inch. 

Initial  load 

.001 

.008 

.006 

.009 

.015 

£  (2,000-10,000)- 
per  square  inol 

.020 

8,180 

Ultimate  strengt 

Tension  fracture,  starting  at  a  knot. 


Marks,  Vin. 

Length,  9  feet. 

Breadth,  3".46. 

Dei)th,  9".10. 

Weight,  99  pounds.     Weight  per  cubic  foot,  50.31  pounds. 

Rate  of  growth,  15  rings  per  inch. 


1^ 


jiL^ 


•/" 


/' 


Ends  supported  8  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loAdfl. 

Deflec- 
tions. 

Successive 
deflec- 
tions. 

Deflection 
set*. 

Remarks. 

Total. 

Maximum 

fiber  stress 

per  square 

inch. 

Pounds. 
600 
1,000 
2,000 
8,000 
4,000 
5,000 
6.000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 

13,000 
14,000 
30,800 

Pounds. 

Inch. 
0. 

Inch. 
0. 
.028 
.055 
.053 
.056 
.054 
.065 
.054 
.054 
.054 
.057 
.068 
.058 

.060 
.061 

Ineh. 

Initial  load. 

E  (2,000-12,000)  =1,604.000  pounds 
per  square  inch. 

UlUmate  strength. 

.  .      . 

.028 
.083 
.136 
.192 
.246 
.301 

.003 

.008 
.016" 

.355 
.409 
.463 
.520 
.578 
.636 

.696 
.757 

.013 

.018 

.026 

15,280 



Fractured  on  the  tension  side,  accompanied  by  shearing  along  the 
grain. 
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No.  732. 
Marks,  IX. 
Length,  9  feet. 
Breadth,  2".39. 
Deijth,  6".  97. 

Weight,  63.5  pounds.     Weight  per  cubic  foot,  51.39  pounds. 
Rate  of  growtn,  15  rings  per  inch. 


,Q- 

.  i,  -^'-^ 

^  -.A 

TT 

T\ 

/' 


Ends  supported  8  feet  apart.     Loaded  at  the  middle. 
Deflections  measured  at  the  middle. 


Applied  loadH. 

Successive 
deflec- 

UODS. 

Deflection 
sete. 

Remarks. 

Total. 

Maximum 

fiber  stretw 

perHquarc 

inch. 

Deflec- 

tloiLS. 

Pounds. 
500 
1,000 
2,000 
8,000 
4,000 

5,000 
6,000 
9,600 

Pounds. 

Iwh. 
0. 

.077 
.228 
.886 
.549 

.723 
.927 

Inch. 
0. 

.077 
.151 
.158 
.163 

.174 
.201 

Inch. 

Initial  load. 

E  (2,000-4,000)  =1,758,000   ponnds 
per  square  inch. 

Ultimate  strength. 

.007 

.017 

11,780 

1 

Fractured  on  the  tension  side.     Fibers  ci-ushed  near  middle  hearing. 

TABULATION  OF  TRANSVERSE  TESTS  OF  WHITE-OAK  WOOD. 


Dimensions. 

Modulus  of— 

No. 

Weight 

Rings 

of 

Marks. 

per 

|P®J 

Rupture, 

test. 

foot. 

inch. 

Breadth. 

Depth. 

Span. 

per 
square 
inch. 

per 
square 
inch. 

Pounds. 

Inches. 

Inches. 

Feet. 

Pounds. 

Pounds. 

724 

I 

46.60 

16 

8.20 

11.08 

10 

1,686,000 

11,010 

725 

II 

48.64 

9 

8.37 

10.90 

10 

1,538.000 

12,410 

726 

III 

46.78 

11 

3.62 

8.93 

10 

1,827,000 

12,280 

727 

IV 

41.15 

12 

2.53 

7.15 

10 

1,497,000 

11.550 

728 

V 

43.06 

11 

4.59 

11.18 

10 

1,394,000 

10, 110 

T29 

VI 

41.97 

15 

3.39 

9.28 

10 

1,334,000 

9,010 

730 

VII 

46.12 

8 

3.40 

11.01 

8 

1,140,000 

8.180 

731 

VIII 

fiO.81 

15 

3.46 

9.10 

8 

1,604,000 

15,280 

732 

IX 

51.39 

15 

2.89 

6.97 

8 

1,758,000 

11,780 

1 

SHEARING   TESTS. 

Specimen  vnth  one  shearing  plane. 


Face  A  lubricated. 


Specimens  with  the  same  shearing  area  were  taken  from  the  same 
stick  of  timber  and  numbered  1,  2,  3,  and  4  across  the  stick,  and  were 
side  by  side  in  the  timber. 

Rings  of  growth  about  45'^  with  shearing  plane. 


^  Dimensions  of 

'       Hhearing  plane. 


Inchea. 
2.05 
•2.06 
2.M 
2.06 

2.04 
2.04 
2.03 
2.03 

2.04 
2.04 
2.(M 
2.03 

2.04 
2.06 
2.03 
2.03 

2.00 
2.04 
2.04 
2.04 


Inches. 
2.04 
2.04 
2.04 
2.05 

3.00 
3.00 
3.00 
3.00 

4.00 
4.00 
4.00 
4.00 

4.98 
4.98 
4.99 
5.00 

8.33 
6.00 
6.00 
6.00 


Area  of 

shearing 

plane. 


Sq.  inehoi. 
4.18 
4.20 
4.16 
4.22 

6.12 
6.12 
6.09 
6.09 

8.16 
8.16 
8.16 
8.12 

10.16 
10.26 
10.13 
10.16 

16.66 
12.24 
12.24 
12.24 


Shearing  strength. 


Total. 


Pounds. 
1,750 
2,000 
1,700 
1,970 

3,220 
3,250 
3,100 
3,280 

3,980 
3,820 
3,910 
4,190 

6,400 
5,100 
5,500 
4,700 

8,100 
5,800 
6,000 
5,720 


Per 
square 
inch. 


Itmnds. 
419 
476 
408 
467 

526 
531 

509 
539 

488 
46H 
479 
516 

630 
497 
543 
463 


Mean. 


Ponndts. 


443 


621 


488 


533 


486  I 

474  

490  

476  '  479 


Remarkf. 
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Rings  of  growth  oerpendicular  to  shearing  plane. 
Soecimens  markea  No.  1  were  nearer  the  heart  of  the  tree  than  those 
marked  No.  2. 


No. 

1 
2 

1 
2 

Area  of 

Hhearingr 

plane. 

Shearing  strength. 

Remarks. 

Dlmendoiui  of 
shearing  plane. 

Total. 

Per 
square 
inch. 

Mean. 

Inches. 
2.00 
2.00 

2.00 
2.00 

Inches. 
4.00 
4.00 

4.10 

Sq.  inches. 
8.00 
8.00 

8.20 

I\mnds. 
8,600 
4,800 

8,600 
4.600 

P(mnds, 
438 
688 

489 
661 

Pounds. 

488 

4.10 

8.20 

600 

Specimens  wUh  two  tiheaving  planes. 


Shearing  plane. 


Steel  block.  -  t 


Shearing  plane. 


^ «, Steel  block. 


T  I 

Faces  A  and  B  lubricated. 

Rings  of  growth  nearly  parallel  to  planes  of  shearing. 
Specimens  1  and  2  were  side  by  side  in  the  timber. 


No. 

Area  of 

two 
planes. 

Shearing  strength. 

Remarks. 

Dimensions  of 
shearing  plane. 

Total. 

Per 
square 
inch. 

Mean. 

t 
2 

1 
2 

1 
2 

1 
2 

1 
2 

Inches. 
1.99 
2.01 

2.00 
2.01 

3.99 
3.99 

2.00 
2.01 

2.00 
2.01 

•  Inches. 
2.01 
2.01 

3.00 
8.00 

2.00 
2.00 

6.00 
6.00 

6.02 
6.04 

Sq.  inches. 
8.00 
8.08 

12.00 
12.06 

16.96 
16.96 

20.00 
20.10 

24.06 
24.28 

Poufids. 
2,800 
3,000 

4,700 
4,600 

6.860 
4,900 

6,960 
6,800 

7,660 
10,100 

Pounds. 
360 
371 

392 
881 

867 
307 

298 
318 

816 
416 

Pounds. 

Followed  rings  closely. 
Both  sides  yielded  at  once. 

361 

387 

337 

306 

366 

ShearinK  plane. 


No. 

I...... 

Direction  of  shear- 
ing   plane     to 
rings  of  growth. 

Preflmre 
appUed 
at  angle 

with 
shearing 
plane  of. 

Yielded 
along 
line. 

Dimenrionsof     Lt^"' 
8hearing  plane.    ''''^SSJfe^ 

Total. 

Per 
square 
inch. 

1 

Inehrs. 

Iwhes.   1  Sq.ins. 
11.00         41.25 
8.00          30.00 
7.90          86.97 
12.95          61.12 
22.50         106.20 
7.40    1      20.35 

10.00          27.50 
17.84    1      49.06 

45  dcffrees 

o 
30 
45 
45 
30 
15 
45 

30 
15 

A-B 

A-B 

See  note . 

A-B 

A-B 

A-B 

A-B 

A-B 

Ptmndg. 
58,900 
39,000 
39,200 
73,900 
75,600 
26,400 

35,400 
42,800 

1 
Pounds. 
1,430 
1,300 

2  j        8.75 

3  1        4.68 

4  1        4.72 
6            4.72 

6  >        2.75 

7  2.75 

8  2.75 

Parallel 

Perpendicular 

do 

do 

Nearly     perpen- 
dicular. 

do 

do 

1,060 

1,209 

712 

1,297 

1,287 
872 

Note.— No.  3  sheared  on  area  4". 68X10". 30 =48. 20  square  inches. 
Nos.  3,  4,  and  5  were  all  from  the  same  piece  of  timber. 
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Heal  conductivity  of  sticks  of  Douglas  fir  wood,  charred  aver  open  wood  fires,  and  stick 

exposed  to  low  temperature. 

Test  No.  3. 

Wood  fire  used.  Dimensions  of  stick,  10"  X 10"  X  4'.  A  hole  1"  in 
diameter  was  bored  to  a  depth  of  2  feet  in  one  end  of  this  stick. 
Observations  of  the  temperature  at  the  middle  of  the  stick  taken  with 
a  mercury  thermometer  with  its  bulb  at  the  bottom  of  the  1-inch  hole. 
Stick  turned  over  the  fire,  so  as  to  burn  all  sides  evenly. 


Time. 

Temper- 
ature. 

Remarks. 

JxTS.  fitnt. 

oa 

• 

0      0 

18 

Put  on  fire. 

90 

17 

46 

16 

Pitch  ooced  out  to  a  depth  of  1"  below  aides,  at  end  of  stick. 

1    00 

17 

1    30 

20 

1    85 

22 

1    40 
1    60 
1    56 

22.6 

27 

29 

Pitch  oossed  out  to  a  depth  of  2"  below  sides,  at  end  of  stick. 

2    00 

80 

2    05 

32 

2    10 

86 

Pitch  oozed  out  to  a  depth  of  4"  below  sides,  at  end  of  stick. 

2    15 

89 

2    20 

44 

2    26 

46 

2    90 
2    85 
2    40 

61 
56 
50 

Taken  oil  fire  and  quenched  with  water. 

2    46 

60 

2    60 

64 

2    66 

70 

3    00 

78 

3    06 

78 

Does  not  feel  warm  to  hand  on  outside. 

3    10 

82 

3    16 

86 

3    20 

88 

3    26 

92 

3    86 

96 

3    40 

96 

3    46 

100 

3  60 
8    55 

4  00 

102 
98 
96 

Maximum  temperature,  1  hour  20  minutes  after  taking  from  fire. 

Test  discontinued. 

Dimensions  after  charcoal  had  been  scraped  off,  6".3X6".2,  with 
rounded  corners. 


Observations  taken  as  in  No«  3. 
Temperature  of  fire,  750^  C. 
Dimensions  of  stick,  10"X10"X4'. 


Time. 

Temper- 
ature. 

RemarlcR. 

Ht8,  Min. 

0  0 
15 
SO 
45 

1  00 
1    15 
1    80 

1  45 

2  00 
2    15 
2    30 

2  45 

3  00 
8    30 

4  00 

4  SO 

5  00 

18 

17.5 

18 

18 

20 

22 

27. 

30 

40 

48 

60 

68 

68 

78 

82 

82 

80 

Put  on  fire 

Quenched  with  water  and  returned  to  Are. 

Do. 

Do. 

Do. 

Do. 
Taken  from  Are  and  quenched  with  water.  • 

Test  discontinued. 

Dimensions  after  charcoal  was  scraped  off,  7". 4x7". 2  at  one  end 
and  6".6X6".5  at  the  other,  with  rounded  corners. 

Test  No.  6. 

Observations  taken  as  in  No.  3. 
Dimensions  of  stick,  10"  X 10"  X  3'. 


Time. 

Temper- 
ature. 

Hr8.Min. 

°C. 

0     0 

18 

15 

18 

80 

18 

45 

20 

1    00 

20 

1    15 

20.5 

1    30 

25 

1    45 

31 

2    00 

37 

2    15 

44 

2    80 

54 

2    45 

61 

3    00 

69 

8    15 

78 

Remarks. 


Put  on  Are. . 


Taken  from  Are  and  quenched. 


Test  discontinued. 

Dimensions  after  charcoal  ww^  scmped  off,  6".7x6".9. 
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Time. 

Temper- 
ature. 

Remarks. 

Hrs,  Min. 

oc. 

0     0 

16 

Put  on  fire. 

16 

16.6 

30 

16 

46 

16 

1    00 

16 

1    16 

18 

1    80 

21 

1    46 

26 

2    00 

86 

2    16 

43 

2    30 

62 

Taken  from  lire,  but  not  quenched. 

2    46 

60 

3    00 

82 

3    16 

89 

3    90 

96 

3    45 

108 

4    00 

104 

4    16 

104 

4    30 

106 

4    46 

106 

5    00 

106.6 

5    16 

106 

6    80 

106 

6    46 

106 

6    00 

107 

6    80 

106 

7    00 

104 

Test  discontinued. 

Dimensions  after  charcoal  was  scraped  oflf,  6"X6".4,  with  rounded 
corners. 


Observations  taken  as  in  No.  3. 

Dimensions  of  stick,  10"X10"X4',  witli  2"  hole  at  one  end. 


Time. 

Temper- 
ature. 

Renutrks. 

Hr8.Min. 

°a 

0     0 

19 

Put  on  fire. 

16 

19 

80 

20 

46 

20 

1    00 

20.6 

1    16 

•    21 

1    80 

24 

1    46 

27 

' 

2    00 

82 

2    16 

40 

2    80 

48 

Taken  from  Are  and  smothered  with  sand  and  ashes. 

2    46 

60 

3    00 

71 

3    16 

90 

8    30 

96 

4    00 

106 

4    80 

107 

4    46 

109 

6    00 

107 

1 

6    15 

107 

1 

6    90 

106 

6    46 

104 

6    00 

101 

• 

6    16 

99 

6    80 

96 

6    46 

96 

7    00 

92 

7    16 

89 

7    30 

86 

7    46 

84 

8    00 

82 

8    16 

79 

8    30 

77 

24    00 

24 

Temperature  of  17°  C.  on  outside. 

Dimensions  after  charcoal  had  been  scraped  off,  6".3X5".9,  with 
rounded  corners.  Fire  burned  down  1"  deeper  in  two  places  than 
these  dimensions  show. 
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Dimensions  of  stick,  10"X10"X4',  with  a  1"  hole  2  feet  long  bored 
in  one  end. 

Observations  taken  with  mercury  thermometer  with  bulb  not  in 
immediate  contact  with  the  wood,  as  in  former  tests. 


%tL 


Thennometer  bulb. 


*•■=---»--'* 


36 


Time. 

Temper- 
ature. 

Remarks. 

Hr%.Min. 

°C. 

18.5 

Temperature  before  putting  on  Are.                                                                    ! 
Put  on  fire. 

"o'b" 

18.5 

15 

18.6 

30 

18.5 

45 

19 

1    00 

20 

Taken  from  fire  and  smothered. 

1    15 

22 

1    90 

25 

1    45 

27 

2    00 

80 

Put  on  fire  8c<x>nd  time. 

2    15 

88 

2    30 

43 

2    45 

46 

3    00 

48 

Taken  from  fire  and  smothered. 

3    15 

52 

3    30 

57 

3    45 

64 

4    00 

70 

Put  on  Are  third  time. 

4    15 

78 

4    30 

81 

4    45 

85 

5    00 

88 

Taken  from  fire  and  smothered. 

5    15 

97 

5    30 

102 

5    45 

103 

6    00 

106 

6    15 

105 

6    30 

106 

6    45 

104 

7    00 

104 

7    15 

103 

7    30 

103 

7    45 

101 

8    00 

99 

8    15 

98 

8    30 

97 

Test  discontinued. 


Size  of  stick,  10"XlO"x4',  with  1"  hole  2  feet  long  in  one  end. 
Taken  from  temperature  of  60°  F.  and  placed  in  cold  storage. 


Time. 

Date. 

Temper- 
ature of 
stick. 

Temper- 
ature of 
room. 

Time  in 

cold 
storage. 

Remarks. 

8.46  a.m.. 
10.45  a.m.. 
12.00  m 

1902. 

Mays 

....do... 

...do    -. 

OF. 
60 
60 
55 
41 
82.5 

4 

2 

-1.5 
-2.6 

Hours. 

0 

2 

8.25 

6 

8 
24 
82 

Then  taken  out  and  hole  corked. 

2.46 p.m  ..1 do... 

4.45 p.m  ..!....do..- 
8.46a.m..,    May9 
4.46  p.m  ..;... .do. .. 

Stick  taken  from  cold  storage  at  a  temperature  of  zero  F.  at  12  m.. 
May  14,  1902. 


Time. 

Date. 

Temper- 
ature of 
stick. 

Temper- 
ature of 
room. 

Time  in 
air  at 
68°  F. 

Remarks. 

2.00 p.m  .. 
3.00  p.  m  . . 
4.00 p.m  .. 
8.00  a.  m  . . 
11.00  a.m.. 
4.00  p.m.. 

1902. 
....do... 
....do... 

°F. 

68 
68 
68 
68 
68 
68 

Hours. 
2 
8 
4 

20 
23 
28 

12.7 
18.5 
62.6 
64.4 
66.2 

Compression  Tests  of  Douglas  Fir  Posts  turned  down  from 
10"X10"  Sticks  which  had  been  charred  over  a  Wood  Fire. 

Posts  had  a  1''  hole  in  the  center,  which  was  bored  in  order  to  take 
the  temperature  while  the  stick  was  charring.  The  area  of  this  .hole 
is  deducted  in  computing  sectional  area. 


Marks 

on 
posts. 

Length. 

Diame- 
ter. 

Sec- 
tional 
area. 

Ultimate  strength. 

Total. 

Per 
square 
inch. 

S 
4 

5 
6 
7 

Inches. 
24 
24 
18 
24 
24 

Inches. 
4.97 
5.82 
5.40 
4.54 
4.40 

Square 
inches. 
18.61 
25.82 
22.12 
16.40 
14.42 

Pounds. 
183,500 
183,200 
148,200 
117,100 
85,900 

Pounds. 
7,170 
7,100 
6,700 
7,600 
5.960 

douglas  fir  and  white  oak  woods. 
Douglas  Fir  Wood. 
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Expansion  crosswise  the  grain,  and  absorption  of  water  after  sub- 
mersion different  periods. 

Original  state  or  wood,  air  seasoned  8  years. 


/^ 


¥8' 


/A 


i' 


H" 


Gauged   lengths,  5"  long  each,  established  along  the  length  of  the 
stick  10"  apart,  beginning  4"  from  one  end. 

Weight  of  stick  before  submerged,  90.75  pounds. 


Gauged  lengths. 


Weights,  poundH,  after  periodH  submerged. 


91.60 


93.25 


96.50 


98.00 


101.00 


108.75         111.75 


Expansion  after  periodM  submeiged  of— 


5  hours. 

2  days. 

Inch. 

Inch. 

.0066 

.0286 

-.0008 

.0103 

.0057 

.0236 

-.0006 

.0152 

.0052 

.0338 

.0045 

.0114 

.0008 

.0025 

.0011 

.0044 

.0015 

.0050 

.0029 

.0126 

5  days. 


2  weeks. 


4  weeks. 


2  months.  3  months. 


Tangential,  4 

Tangential,  14 

Tangential,  24 

Tangential,  34 

Tangential,  44 

Radlal,4 
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ADHESION   OF   LAG   SCREWS   AND    BOLTS    IN    WOOD. 
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Tests  of  the  adhesion  of  plain  wrought-iron  bolts  with  pointed  ends, 
driven  into  Douglas  fir  and  white-oak  wood. 
Tested  in  manner  similar  to  that  of  lag  screws. 
Reinforcing  plate  "A"  used. 
Bolts  driven  into  timber  to  a  depth  corresponding:  to  the  longest  lag 


screws. 


BOLTS  DRIVEN  INTO  8"  x  8"  x  4'  STICKS  OF  DOUGLAS  FIR. 


Adhesive  resistance. 

Nominal 
diameter 

Actual 
diameter 

Depth  of 

full-sized 

iron  in 

wood. 

Resisting 

Diameter 
of  bored 

Remarks. 

of  bolt. 

of  bolt. 

area. 

hole. 

Total. 

Per  square 
inch. 

Inch, 

Inch. 

Inches. 

Sq.  ins. 
13.68 

Inch. 

Pounds. 

fmmds. 

1 

.99 

4.4 

1» 

8,900 

285 

1 

.99 

4.4 

13.68 

6,700 

490 

i 

.87 

5.1 

13.94 

!• 

5.000 

859 

i 

.87 

5.1 

18.94 

6,800 

488 

1 

.76 

6 

14.33 

}* 

4,800 

848 

1 

.76 

6 

14,33 

4,200 

298 

1 

.76 

6 

14.88 

A 

6,100 

426 

« 

.65 

5.4 

11.08 

f 

8,600 

826 

1 

.65 

5.4 

11.08 

5,800 

526    ' 

1 

.65 

5.4 

11.08 

A 

6,700 

607    1 

1 

k 

.51 

3.5 

5.61 

t 

2,100 

874 

.51 

3.5 

5.61 

2,900 

517 

.51 

3.5 

5.61 

P 

8,600 

624 

^ 

.51 

3.5 

5.61 

8,600 

648 

.51 

3.5 

5.61 

^ 

4,150 

741 

.51 

3.5 

5.61 

0 

4,100 

714 

No  hole  bored. 

} 

.65 

5.4 

11.08 

i 

8,400 

762 

.65 

5.4 

11.08 

A 

7,200 

658 

1 

.76 

6 

14.88 

i 

9,400 

666 

1 

.76 

6 

14.38 

^ 

8,600 

600 

.87 

5.1 

13.94 

1* 

8,000 

574 

.87 

5.1 

13.94 

9,700 

696 

.87 

5.1 

18.94 

A 

7,000 

502 

1 

.99 

4.4 

13.68 

}' 

9.900 

724 

1 

.99 

4.4 

18.68 

7,600 

548 

BOLTS  DRIVEN  INTO  11"  X  4"  x  4'  STICKS  OF  WHITE  OAK. 


1 

1 
1 

i 
i 
i 
i 

I 
I 
I 
» 

i    I 


.99 


.87 
.87 
.87 
.87 

.76 
.76 
.76 
.76 


.65 
.65 
.65 

.51 
.61 
.51 


4.4 

4.4 
4.4 

13.68 
13.68 
13.68 

1 

10,800 
14,800 
14,100 

789 
1,050 
1,080 

6.1 
5.1 
5.1 
5.1 

13.94. 
13.94 
18.94 
13.94 

12,000 
18,200 
13,200 
5,200 

861 
947 
947 
878 

6 
6 
6 
6 

5.4 
5.4 
5.4 
5.4 

14.83 
14.33 
14.38 
14.83 

11.08 
11.08 
11.03 
11.03 

A 

11,800 
11,700 
6,400 

789 
816 
447 

12,300 
13,800 
13,200 

1,120 
1,210 
1,200 

3.5 
3.5 
3.5 

5.61 
5.61 
5.61 

A 

6,400 
7,200 
7,400 

1.140 
1,280 
1,820 

Split  slightly. 


Split  the  wood. 
Do. 


H.  Doc.  335- 


-37 


Screws  driven  in  bored  holes,  perpendicular  to  the  grain. 


Diameter— 

Adhesive  resistance. 

Deptb  in 
wood. 

Resisting 
area. 

Remarks. 

Of  body. 

At  root  of 
thread. 

Bored 
bole. 

Total. 

Per  square 
inch. 

Inch. 

Inch. 

Inch. 

Inches. 

S(2.  inches. 

Pimnds. 

Pounds. 

.75 

.63 

.625 

4.5 

10.60 

8,620 

818 

PoUed  off  head  of 
screw. 

.76 

.68 

625 

4.5 

10.60 

7,890 

744 

Do. 

Slotin  lag  screws 

llled  with 

a  steel  key. 

.75 

.68 

.625 

4.5 

10.60 

8,200 

774 

Palled  screw  out  of 
the  wood. 

.75 

.68 

.625 

5.625 

13.26 

10,800 

777 

Do. 

TENSILE  TESTS  OF  REGULATION  STEEL  NICKEL- 
PLATED  BIT 


A  MAGNOLIA  METAL  BIT. 


57& 


Tests  of  MeUlfl.  1902. 


PHOTOGRAPH  SHOWING  DIRECTIONS  OF  APPLYING  LOADS. 


BITS. 

Bits. 

TEST  OF  STEEL  BIT. 
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Part  tested. 

Diameter       Tensile 
of  wire.       strength. 

Remarks. 

A 

Inch. 

,181 
.181 
.185 

PoundB. 
2,790 
1,920 
2,630 
2,610 
268 

Rings  decidedly  distorted  at  700  to  800  pounds. 
Fractured  along  scarf  weld. 
Fractured  the  nng. 

Do. 
Pulled  curb  attachment  from  eye  in  bit. 

Do. 
Fractured  at  junction  of  mouthpiece  and  branch. 

Do. 

A 

B 

B 

.186 

C 

.:!:.. 

C 

254 

D 

a. 235 
a. 235 

3,455 
3,640 

D 

TEST  OF  MAGNOLIA  METAL  BIT. 


A 

.182 
.182 
.185 
.185 

1,864 
1,456 
1,656 
2,215 
218 
246 
2,740 
2,545 
8,200 

A   

B 

B 

c 

c 

D 

a. 25 
a. 25 
a. 496 

D 

Mouthpiece . 

Rings  decidedly  distorted  at  450  pounds. 

Fractured  branch  of  the  bit. 

Fractured  eye,  carrying  ring. 

Pulled  curb  attachment  from  eye  in  bit. 
Do. 

Fractured  the  eye. 
Do. 

Appearance  of  fracture,  light  lemon  yellow,  uniform. 
Sectional  area,  minimum  diameter  of  mouthpiece, 
.193  BQUare  inch.  Tensile  strength,  no  correction 
made  lor  curved  shape,  42,490  pounds  per  square  inch. 


a  Diameter  of  metal. 


Test  No.  10453. 

CARTRIDGE  CLOTH. 

Five  samples  received:  Two  samples,  Nos.  1  and  8,  from  J.  Wana- 
maker.  Three  samples,  "  S.  C."  and  '' F.  &  S.,"  from  Germany,  deliv- 
ered on  contract  at  New  York  Arsenal. 

Samples  2"  wide  by  10"  long  between  the  jaws  of  the  testing 
machine. 


MarkB. 

Direction  tested. 

Eloiiga- 
tiou  in  8 
inches. 

Tenalle 
strength. 

Remarks. 

No.l 

Filling 

Incties. 
1.10 
1.13 

.98 

.83 

Pounds. 
120 
128 

145 
188 

Do 

do 

No.8 

do 

Do 

do 

Samples  2"  wide  by  3"  long  between  jaws  of  the  testing  machine. 


No.l... 
Do. 


No.8... 
Do. 


8.  C... 

F.  &8.. 

Do. 


Warp... 
Filling  . 

Warp.., 
Filling  . 


Unknown  . 

....do 

Warp 


158 
182 

178 
143 

177 
98 
80 


From  J.  Wanamaker. 
Do. 

Do. 
Do. 

From  Qermany. 
Do. 
Do. 


Test  No.  10455. 

TARGET  CLOTH. 

Two  pieces  of  cloth  tested.  Two  samples  taken  from  warp  and  two 
from  filling  of  each  piece. 

Samples  2"  wide  by  10"  long  between  the  jaws  of  the  testing 
machine. 


Marks. 

Direction  tested. 

Elonga- 
tion in  8 
inches. 

Tensile 
strength. 

No.  9 

Waro 

Inches. 
1.17 
1.06 
1.27 
1.28 

1.16 

1.09 

.96 

.88 

Founds. 
Ill 
114 
114 
118 

154 
151 
188 
180 

Do..                           .              -           .... 

..rrJo:. :::::::::: 

Do 

Filling 

Do 

do 

No.  10 

Warp 

Do 

...rx .:::..: 

Do 

Filling 

Do 

.  .  .do 

BLUE   PRINT   PAPER.  588 

Blue  Print  Paper. 
Samples  1"  wide  by  3"  long  between  the  jaws  of  the  testing  machine. 


No.  of 
sample. 

Thick- 
nes8. 

Tensile 
strength. 

Mean. 

Remarkg. 

2 

Inch. 
.046 

Pounds. 
39.5 
46 
43 

27.6 

26 

27.6 

28.6 

28 

27.6 

26 

25.6 

26.5 

29 
29 
82 

Pounds. 

• 

42.5 

3 

.049 

27 

4 

.052 

28 

6 

.063 

1 

261 

6 

.087 

30 

1 

CHEMICAL  ANALYSES. 
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CHEMICAL    ANALYSES. 

Chemical  Analyses. 

BRASS,  ETC. 


687 


Description. 

Copper. 

Tin. 

Zinc. 

Lead. 

Anti- 
mony. 

Nickel. 

Brass  wire  firom  Springfield  Ar- 
mory......  

GO.  50 

39.50 

Backing  of  embossed  belt  buckle, 
U.S.! 

40.00 

60.00 

White  metal  for  yacht  hand-rail 
stanchion 

48.44 

36.58 

14.82 

Torrey  antifriction  metal 

81.06 

19.00 

8TKET>^  FROM  SPRINGFIELD  ARMORY. 

Description. 

Market. 

Carbon. 

Manga- 
nese. 

Sili<!on. 

Sulphur. 

Phos- 
phorus. 

Copper. 

Receiver  steel .... 

Ml 
M2 
M3 
M4 

M6 

.305 

.808 

.316 

.308 

.860 

.305 

.120 

.470 

1.040 

1.02 

.820 

.964 

1.000 

.950 

.996 

.990 

1.083 

1.000 

1.020 

.990 

.830 

1.550 

.300 

.410 

.680 

.285 

.310 

.180 

.106 
.106 
.103 
.109 
.114 
.030 
.036 
.194 
.240 
.166 
.240 
.050 
.106 
.162 

.034 
.086 
.036 
.037 
.030 
.056 
.076 
.032 
.020 
.040 
.086 
.030 
.025 
.015 

.040 
.086 
.089 
.036 
.038 
.090 
.062 
.034 
.016 
.080 
.037 
.015 
.014 
.008 

Do 

Do 

Do 

Do 

Do 

Receiver  steel,  old  stock. . 

'  *  Carpenter  " 

.110 

Bayonet  steel 

Do ' 

Do i 

Do                                        1 

Do  

2 

Russian  steel 

1 

M] 

[SCELLAJ 

lEOUS  ST 

EELS. 

Rimbase  of  hardened  16^' 
trunnion  hoop,  Water- 
vliet  Arsenal 

.580 
1.115 

.700 
.300 

.244 
.245 

.020 
.010 

.034 
.016 

.095 

Pressure-gauge     plug, 
Prankford  Arsenal 

TESTS  MADE  FOR  PRH^ATE  PARTIES  DURING  THE  FISCAL   YEAR 
ENDED  JUNE  SO,  1902. 


Date. 


Material. 


For  whom  tested. 


Name. 


City. 


State. 


1901. 
July    2 

S 

23 

Aug.    6 

8 
12 

15 
17 
28 
81 

Sept.  8 
7 
12 

13 


24 
27 
28 
Oct.  11 
12 
16 

19 
24 
26 
29 

Nov.  4 
8 
13 

26 
27 
Dec.  4 
11 
19 
20 
23 

26 
27 
31 
1902. 
Jan.  6 
7 
11 

18 
22 
23 
27 
7 


Feb. 


24 

Mar.    1 

6 

7 

11 


Steel  bars 

do 

do 

Steel  specimens . . 
Steel  anchor  bolt. 

••Fibre" 

Rubber  belting. . . 
Gauges 


Belting  and  canvas. 

Brick , 

Cast  iron 

Shackles 

Concrete 

do 

Kiveted  joint 

Hardened  blocks. . . 


Boston  Elevated  Railway  Co . . . 

Wetherell  Brothers 

New  England  Bolt  and  Nut  Co. 
United  States  Projectile  Co ... . 
New  England  Bolt  and  Nut  Co. . 

Laminar  Fibre  Co 

Revere  Rubber  Co 

American   Steam  Gauge   and 
Valve  Co. 

William  T.  Plummer , 

New  England  Fire  Proofing  Co 

Wm.  Allen  (&  Sons 

Fletcher  &  Crowell  Co 

Wm.  Wirt  Clarke  A  Sons 

.do 


Cast  iron 

Spliced  belting... 

Bneaves , 

Cast  iron 

Paving  bricks  . . . . 

Column 

Cast  iron  I , 

Wire  rope , 

Stone  slabs 

Cotton  belt , 

Whiting 

Cast  iron , 

Sandstone 

Cotton  fiber 

Rubber , 

Crude  rubber 

Barrel  steel 

Steel  casting 

Cement 

U  bolt 

Cast  iron 

Hooks 

Wire  nails 

Cotton  duck,  etc  . 

Marble 

Bricks 


Steel.... 
Rubber . 
Bricks.. 


Wire  nails 

Rubber 

Granite 


Shackles 

Push  bars 

Iron  bar 

Semi-steel  casting . 
Concrete 


Steel  specimens  . . . . 

Steel  bars 

do 

Artificial  stone 

Rubber  shoe 

Cement  briquettes. 
Building  blocks ... 
Stone 


Limestone . . , 

Shackles 

Boiler  plate. 
Steel  bars..., 
Steel  plates. 


Edward  Kendall  d:  Sons 

Chapman  Double  Ball  Shafting 

Bearing  Co. 

Wm.  Allen  (&  Sons 

Main  Belting  Co 

Boston  and  Lockport  Block  Co. 

Golding&Co 

D.J.  Curtis&Son 

Lally  Patent  Column  Co 

Barbour-Stockwell  Co 

-Carson  Trench  Machine  Co 

Daniel  Kilpatrick 

The  Carton  Belting  Co 

Hood  Rubber  Co 

John  Southern  Co 

Barclay  Bros 

American  Rubber  Tire  Co 

Hood  Rubber  Co 

do 

Savage  Arms  Co 

Fiske  Brick  Co 

The  Alpena  Portland  Cement  Co 
Boston  and  Albany  Railroad  Co. 

Whlttier  Machine  Co 

Boston  and  Lockport  Block  Co. . 

J.  C.  Pearson  Co 

Catlin&Co 

Vermont  Marble  Co 

Washington    Hydraulic    Press 

Brick  Co. 

E.  D.  Leavitt 

Hood  Rubber  Co 

New  England  Brick  Co 


J.  C.  Pearson  Co 

Hood  Rubber  Co 

Milford  Pink  Granite  Construc- 
tion Co. 

Fletcher  &  Crowell  Co 

Boston  Transit  Commission 

New  England  Bolt  and  Nut  Co. 

Fiske  Brick  Co 

New  York,  New  Haven  and 
Hartford  Railroad  Co. 

Savage  Arms  Co 

Boston  Elevated  Railway  Co 

Sullivan  Machinery  Co 

Murdock  Parlor  Grate  Co 

Hood  Rubber  Co 

Fiske  &  Co 

Pittsburg  Brick  and  Pipe  Co ... . 

New  York,  New  Haven  and 
Hartford  Railroad  Co. 

Standard  Plaster  Co 

Fletcher  &  Crowell  Co 

Wm.  Allen  <Sc  Sons  Co 

Fore  River  Ship  and  Engine  Co. 

New  England  Structural  Co 


Boston 

....do 

....do 

New  York 

Boston 

North  Cambridge. 

Chelsea 

Jamaica  Plain 


Boston 

.....do 

Worcester 

Portland 

Baltimore 

.....do 

Cambridgeport . 
Boston 


Worcester 

Boston 

....do 

do 

Springfield 

Waltham 

Cambridgeport . . 

Boston 

Morning  Sun 

Boston 

Watertown 

Boston 

Sinnamahoning . 

Boston 

Watertown 

do 

UUca 

Boston 

Alpena 

Boston 

....do 

...-do 

....do 

....do 

Proctor 

Washington 


Cambridge  . 
Watertown . 
Boston 


....do 

Watertown . 
Milford 


Portland.... 

Boston 

....do 

....do 

Bridgeport . 


Utica 

Boston 

Claremont.. 

Boston 

Watertown . 

Boston 

PittBburg... 
Bridgeport . 


Buffalo.... 
Portland... 
Worcester  . 

Quincy 

Boston  .... 


Mass. 
Mass. 
N.  Y. 
Mass. 
Mass. 
Mass. 
Mass. 

Mass. 


Me. 
Md. 
Md. 


Mass. 
Mass. 
Mass. 
Ma«. 
Mass. 
Mass. 
Mass. 
Mass. 
Iowa. 


Mass. 

Pa. 

Mass. 


N.Y. 

Mass. 

Mich. 

Mass. 

Mass. 

Maas. 

Mass. 

Mass. 

Vt 

D.C. 


Mass. 
Maas. 

Mass. 
Mass. 
Mass. 

Me. 

Mass. 

Mass. 

Mass. 

Conn. 

N.Y. 
Mass. 
N.H. 
Mass. 
Mass. 
Mass. 
Kans. 
Conn. 

N.Y. 

Me. 

Mass. 

Mass. 

Mass. 


PRIVATE   TESTS.  589 

TESTS  MADE  FOR  PRIVATE  PARTIES,  ^rC.^-Continued. 


Date. 


Material. 


For  whom  tested. 


Name. 


City. 


State. 


1902. 
Mar.  17 
'20 
24 


28 

29 

Apr.    3 


11 

15 

28 

May    2 

6 
7 

20 

22 


29 


Jane  8 
4 


Cement 

Iron 

Pipe  fittings 

Cast  iron , 

Hollow  bricks 

Manhole  covers 

Cast  iron , 

Steel  plate 

Concrete 

Rubber,  belting,  etc. , 

Wrought  iron 

Cast  iron 

do 

Steel  specimens 

do 

Cast  iron , 

Rubber  spring 

Chain , 

Turnbuckles 

Tie  rods 

Cast-iron  lifting  fin- 
ger. 

Stay  bolt  iron 

Cotton  fleece 

Concrete -, 

Litholite 

Stone 

Sandstone 

Steel  specimen 

Coated  nails 

Cast  iron 

Fabric 

Steel  rods  in  concrete, 
Rail  shoe  plates 

Laf  screw  expansion 

sleeve  nuts. 
Steel  rods  in  concrete, 

etc. 

Shackles 

Rubber  belting 

Nails 


Murdock  Parlor  Gr^te  Co 

Laconia  Car  Co.  Works 

The  Perfection  Cleanout  Spe- 
cialty Co. 

Sheaff  &  Jaastad 

George  A.  Fuller  Co 

City  of  Boston 

Hyde  Windlass  Co 

American  Locomotive  Co 

Frank  A.  Hinds 

Boston  Woven  Hose  and  Rubber 
Co. 

Laconia  Car  Co.  Works 

Hyde  Windlass  Co 

Whittler  Machine  Co 

Remington  Arms  Co 

Marlin  Firearms  Co 

Bath  Iron  Works 

Boston  Woven  Hose  and  Rubber 
Co. 

International  Paper  Co 

The  Thomas  Laughlin  Co 

Boston  Elevated  Railway  Co  . . . 

Fiske  Brick  Co 


and 


Houghton  &  Richards 

Hood  Rubber  Co 

New  York,  New  Haven 
Hartford  Railroad  Co 

Uriah  Cum  mings 

Edw.  W.  Serrell. , 

Traverse  Bay  Red  Stone  Co 

The  Savage  Arms  Co , 

J.  C.  Pearson  Co 

Bath  Iron  Works , 

Hood  Rubber  Co — » 

Boston  Transit  Commission . 

The  Weber  Railway  Joint  Man- 
ufacturing Co. 
Stannard  Manufacturing  Co 


Boston 

....do.... 
Haverhill 


Boston 

do 

....do 

Bath 

Schenectady  , 
Watertown... 
Boston 


....do 

Bath 

Boston 

lUon 

New  Haven  . 

Bath 

Boston 


Bellows  Falls. 

Portland 

Boston 

....do 


....do 

Watertown . 
Bridgeport. . 


Boston  Transit  Commission  ....   Boston 


Fletcher  &  Crowell  Co. 

Revere  Rubber  Co 

J.  C.  Pearson  Co 


Akron 

Washington . 

Calumet 

Utica 

Boston 

Bath 

Watertown . . 

Boston 

New  York... 


Springfield . 


Portland  . 
Chelsea. . . 
Boston.... 


Mass. 
Mass. 
Mass. 

Mass. 


Mass. 

Me. 

N.Y. 

N.Y. 

Mass. 

Mass. 

Me. 

Mass. 

N.Y. 

Conn. 

Me. 


Vt. 
Me. 
Mass. 
Mass. 

Mass. 
Mass. 
Conn. 

N.Y. 

D.C. 

Mich. 

N.Y. 

Mass. 

Me. 

Mas. 

Mass. 

N.Y. 

Mass. 

Mass. 

Me. 

Mass. 

Mass. 


« 


INDEX. 


Analyses,  chemical: 

Belt  buckle,  backing  of 687 

Brass,  extruded  metal,  from  angle  bar 82 

Brass  wire 587 

Bronze  from  old  12-poujider  guns 71 

Cast  iron — 

3-inch  shell 61 

Track  block. 128 

Cement 512 

Slate 357 

Steel- 
Bayonet 587 

Carbon-steel  ingot 199 

''Carpenter" 587 

Endurance  shafts 277 

Nickel-steel  ingot 199 

Pressure-gauffe  plug 587 

Receiver  steel 587 

Receiver  steel,  old  stock 587 

Rocker  block 128 

Russian 587 

Streaked  gun  hoop 108 

Track  blocks 128 

Trunnion  hoop 587 

Torrey  antifriction  metal 587 

White  metal 587 

Bits,  steel,  and  magnolia  metal 581 

Blue-print  paper 583 

Bolts,  adhesion  of,  in  wood 576 

Brass,  extruded  metal,  from  angle  bar 82 

Bricks: 

Absorption  tests 341-344 

Compressive  elastic  properties 345-352 

Tabulation  of  elastic  properties 353 

Bronze: 

For  gun  carriages — 

Phosphor-bronze  ingot 67 

75-millimet€r  mountain-gun  carriage 67 

From  old  12-pounder  guns — 

Remarks 71 

Chemical  analyses - 71 

Tensile  tests 72-80 

Tabulation 81 

Buffer  bracket  hook,  steel  casting,  for  10-inch  barbette  carriage 48 

Carbon-steel  ingot: 

Chemical  analysis 199 

Diagrams  showing  manner  of  cutting  up 200, 201, 204 

Tensile  tests,  metal  in  natural  state  and  after  heating  and  quenching. . .  206-222 

Tabulation 223 

Tensile  tests,  metal  drawn  down  under  the  hammer 243, 244 

Bending  test 244 
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From  Watertown  Arsenal,  chemical  analyses  and  tensile  tests 61-63 

Traversing  intermediate  bevel  gear 63 

Racer  of  12-inch  mortar  carriage 64 

12-inch  mortar  shell : 101,102 

16-inch  rifle  shot 103,104 

Water  pipe  from  city  of  Boston 64 

Shot  and  shell  from  Petersburg  Iron  Works 63 

For  calibration  of  testing  machine  at  works  of  Robert  Poole  &  Son 

Company 64 

Track  block 63,123-164 

Pig  irons 63 

Cement: 

4-inch  cubes  of  neat  cement,  different  brands,  compression  tests 369-381 

Retarded  sets,  compression  tests 381, 382 

Cements  which  set  m  air  at  different  temperatures — 

Compression  tests 383-415 

R^8um6  of  results 416-421 

Comparative  tests  on  cement  and  mortar  set  in  air  «ind  in  water — 

Compression  tests 422-442 

Summary 443 

Material  set  in  air  or  in  water,  followed  by  different  periods  of  exposure 

under  reverse  conditions,  compression  tests L 414  450 

Cement  and  mortar  after  heating — 

Remarks 451 

Loss  in  weight 452-457 

Compression  tests 458-466 

Cement  and  mortar  prisms — 

Compressive  elastic  properties 467-505 

Tabulation 506,507 

Cement-mortar  cubes  from  U.  S.  Engineer  Corps,  compression  tests  . . .  512 

Grouts — 

Remarks 508 

Compression  tests 509,510 

Peninsular  brand — 

Tensile  tests 511 

Compression  tests 511 

Fineness 511 

Specific  gravity 511 

Cnemical  analysis 512 

Cloth,  cartridge  and  target 582 

Concrete: 

12-inch  cubes  from  Watertown  Arsenal 513 

12-ihch  cubes  from  Boston  Elevated  Railway  Company 514 

Copper  cylinders  for  pressure  gauges 85,86 

Endurance  shafts: 

Endurance  tests 259-274 

Tabulation 275,276 

Metal  from  shafts,  tensile  tests — 

Solid  specimens .' 281-314 

Tabulation 315,316 

Annular  specimens 317-334 

Tabulation 335 

Chemical  analyses 277 

Extruded  brass  from  angle  bar 82 

Forged  steel: 

Reenforcing  plate,  12-inch  mortar  carriage 50 

Track  block 123-164 

Glass,  transverse  tests 517 

Gun  carriages: 

Bronze  for 67 

Buffer  bracket  hook  for 48 

Helical  springs  for ^^ 89-92 

Piston  rods  for  (proof  stresses) 48 

Retraction  hook  for 48 

Wire  retraction  ropes  for  (proof  stresses) 48 
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Gun  hoope,  hydrostatic  teats  of:  ^^^' 

Remarks 107 

Tensile  specimen  tests A 108 

General  results ^ ■. 108,109 

Comparison  of  results 109 

Chemical  analysis  of  streaked  hoop 108 

Details  of  tests — 

Streaked  hoop 110-113 

Unstreaked  hoop 113-117 

Photographs 119 

Gun  specimens: 

7i-millimeter  mountain  guns — 

Body 13 

Breechblock 14 

Block  carrier 15 

Tabulation 16 

6-inch  R.  F.  guns — 

Tubes 19,20 

Jackets 21-23 

Hoop.... 24 

Breechblock 25 

Tabulation 25 

10-inch  steel  B.  L.  rifles — 

Tube 29 

Jackets 30,31 

Hoop 32 

Breechblock 33 

Tabulation 33 

12-inch  steel  B.  L.  rifles — 

Tubes 37,38 

Jackets 39-41 

Hoop 42 

Breechblock 43 

Tabulation 43 

16-inch  steel  B.  L.  rifle,  forging 47 

Helical  springs.     {See  Springs. ) 
Hooks: 

Buffer  bracket  for  10-inch  barbette  carriage 48 

Retraction  for  10-inch  barbette  carriage 48 

Hoops.     ( See  Gun  hoops. ) 
Hydrostatic  tests  of  gun  hoops: 

Remarks 107 

Tensile  specimen  tests 108 

General  results 108,109 

Comparison  of  results 109 

Chemical  analysis  of  streaked  hoop 108 

Details  of  tests — 

Streaked  hoop 110-113 

Unstreaked  hoop 113-117 

Photographs 119 

Jn^ots,  carbon  and  nickel  steel 199-244 

Initial  strains  in  16-inch  cast-iron  shot 103, 104 

Lag  screws,  adhesion  of,  in  wood 565-575, 577 

Magnolia  metal  and  st«el  bits 581 

Mortar.     {See  Cement. ) 
Mortar  carriages: 

Recoil  cylinder,  fractured,  cast  steel 49 

Reenforcing  plate,  12-inch  mortar  carriage,  forged  steel 60 

Racer,  12-inch  mortar  carriage 64 

Helical  springs  for  10-inch  mortar  carriages 95-98 

Helical  springs  for  7-inch  mortar  carriages 93 

Old  helical  springs  f rom.7-inch  mortar  carriages 94 

Mortar  shell,  12-mch,  cast  iron,  compressive  movement  of  base  plug,  etc 101, 102 

New  York  and  Brooklyn  Bridge,  suspender  rods 247-266 

Ifickel-steel  ingot: 

Chemical  analysis 199 

Diagrams  showing  manner  of  cutting  up 202-204 

H.  Doc.  335 38 
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Tabulation 242 

Paper,  blue  print. 583 

Piston  rods  (proof  stresses) 48 

Pressure  gauges,  copper  cylinders  for 85, 86 

Private  tests,  list  of. 588,589 

Recoil  cylinder,  fractured,  from  12-inch  mortar  carriage ,     49 

Reenforcing  plate,  12-inch  mortar  carriage *     60 

Retraction  hook,  10-inch  barbette  carriage ^ . .  48 

Retraction  ropes  (proof  stresses) * 48 

Rocker  block  and  track  blocks: 
Blocks  of  full  length- 
Remarks  123-125 

General  results  of  compression  tests 125-128 

Details  of  compression  tests 129-140 

Blocks  of  reduced  length — 

Remarks 141-143 

General  results  of  compression  testa 143-145 

Details  of  compression  tests 146-154 

Chemical  analyses 128 

Metal  from  rocker  and  track  blocks — 

Tensile  tests 63,155-159 

Tabulation. 159 

Compression  tests 160-164 

Tabulation 164 

Ropes,  retraction  for  gun  carriages  (proof  stresses) 48 

Rotating  shafts,  steel.     (See  Endurance  shafts. ) 

Shells  for  high  explosives,  tensile  tests  of  metal  from ^ 50 

Shell,  12-inch  mortar,  compressive  movement  of  base  plug,  etc 101, 102 

Shot,  16-inch  cast  iron,  initial  strains  in 103, 104 

Slate,— slabs,  cubes,  and  roofing: 

Chemical  analyses ^ 357 

Slabs,  compression  tests 357,363-366 

Cubes,  compression  tests 358 

Roofing,  transverse  tests 359 

Treads- 
Transverse  tests,  summary 359 

Transverse  tests,  details 360-^2 

Springs  for  gun  carriages: 

7o-millimeter  mountain  gun  carriage 89-91 

5-inch  R.  F.  gun  carriage 92 

7-inch  mortar  carriage 93 

7-inch  mortar  carriage  (old  springs) 94 

10-inch  mortar  carriage 95-98 

Steel  bars: 

Carbon  steel,  metal  from  ingot 205-222,243,244 

Nickel  steel,  metal  from  ingot 224-241 

Piston  rods  (proof  stresses) 48 

Reenforcing  plate,  12-inch  mortar  carriage 50 

Rotating  shafts,  metal  from 281-335 

Shells  for  high  explosives,  metal  from 50 

Steel  specimens  from  Navy  Department 51 

Steel  for  yokes,  from  Navy  Department 55-58 

Suspender  rods.  New  York  ana  Brooklyn  Bridge 247-256 

Steel  and  magnolia  metal  bits 581 

Steel  castings: 

Fractured  recoil  cylinder  from  12-inch  mortar  carriage 49 

For  gun  carriages — 

Retraction  and  buffer  bracket  hooks  for  10-inch  barbette  carriage  . .  48 

Rocker  block  and  track  blocks 123-164 

Steel,  carbon  and  nickel  steel  ingots 199-244 

Steel  forgings: 

Reenforcing  plate  for  12-inch  mortar  carriage 50 

Track  block 123-164 

Steel  specimens  from  Navy  Department 51 

Steel  for  yokes,  from  Navy  Department 55-58 
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Suspender  roda  from  New  York  and  Brooklyn  Bridge:  i*a«e. 

Remarks '. 247,256 

Tensile  tests  of  rods 247-255 

Tensile  tests  of  specimens  from  the  rods ^ 256 

Bending  test 256 

Torrey  antifriction  metal,  chemical  analysis 587 

Track  blocks.     (See  Rocker  block,  etc.) 

Water  pipe  from  city  of  Boston,  cast  iron 64 

White  metal,  chemical  analysis 587 

Wire  retraction  ropes  (proof  stresses) 48 

Wood: 

Adhesion  of  lag  screws  and  bolts  in 565-577 

Douglas  fir — 

Transverse  tests 521-541 

Tabulation 542 

Shearing  tests 552-554 

Heat  conductivity 555-^60 

Compression  tests,  cores  of  charred  sticks 560 

»  Expansion  after  submersion 561 

White  oak — 

Transverse  tests 543-551 

Tabulatioil. 551 

Wrought  iron: 

From  Engineer  CJorps,  U.  S.  Army 58 

Rolled  bars  in  natural  state  and  after  heating  and  quenching,  first  series — 

Common  refined 167 

Best  puddled 167-169,17^173 

Burden's  best 1..  169-171,174 

Norway 171,172,175 

Rolled  bars  after  heating  and  quenching,  second  series — 

Common  refined 176-178 

Best  puddled 179-181 

Burden's  best 182-184 

Norway 185-187 

Tabulation 188 

Rolled  bars  in  natural  state  and  after  heating  and  quenching,  third 

series 

Be^jt  puddled 189-194 

Tabulation 195 

Yokes,  steel  for,  from  Navy  Department 55-58 
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